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(54) Title: TRAVEL PLANNING SYSTEM 
(57) Abstract 



An airline travel 
planning system is described. 
The system includes a 
server computer executing 
a server process including a 
search process to search for 
set of pricing solutions in 
accordance with at least one 
destination and at least one 
origin. The search process 
represents the set of pricing 
solutions in the form of 
a directed acyclic graph. 
Tht system also includes a 
client computer executing a 
client process on the set of 
pricing soludons. The client 
process has a manipulation 
process that manipulates the 
set of pricing solutions in 
response to user preferences. 
Several processes are 
described including a 
process responsive to 
iiser preferences and to 
set of pricing solutions 
that provides pricing 
solutions sorted by said user 
preference, a process that 
sorts set of pricing solutions 
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(o produce a subset of said set of pricing solutions in accordance with user specified preferences, and a process that prunes from the 
directed acyclic graph nodes that are no longer contained within the subset of set of pricing solutions. 
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TRAVEL PLANNING SYSTEM 

5 BACKGROUND 

This invention relates to computerized travel 
planning systems. 

Travel planning systems are used to produce 
itineraries and prices by selecting suitable travel 

10 units from databases containing geographic, scheduling 
and pricing information. In the airline industry, 
undamental travel units include "flights" (sequences of 
regularly scheduled takeoffs and landings assigned a 
common identifier) and "fares" (prices published by 

15 airlines for travel between two points) . The term 
"itinerary" is often used to refer to a sequence of 
flights on particular dates, and the term "pricing 
solution" is often used to refer to a combination of 
fares and itineraries that satisfies a travel request. 

20 The databases usually contain schedule information 

provided by airlines, typically in the so-called 
Standard Schedules Information Manual (SSIM) format, and 
usually fares published by airlines and resellers, 
typically provided through the intermediary Airline 

25 Tariff P\iblishing Company (ATPCO) . The database may 

also contain "availability" information that determines 
whether space is available on flights, or this may be 
obtained through communication links to external sources 
such as airlines. 

30 Presently, so-called computer reservation system 

(CRSs) operate to produce fare and schedule information. 
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There are four generally known computer reservation 
systems that operate in the United States, Sabre®, 
Galileo®, Amadeus® and WorldSpan®. The typical CRS 
contains a periodically updated central database thac is 
5 accessed by subscribers such as travel agents through 
computer terminals. The subscribers use the computer 
reservation system to deteirmine what airline flights are 
operating in a given market, what fares are offered and 
whether seats are available on flights to make bookings 
10 and issue tickets to clients. 

The computer reservation systems typically conduct 
searches using the information contained in the database 
to produce itineraries that satisfy a received request. 
The search results are sorted and returned to the 
15 requester's computer for display. Typically, the number 
of possible itineraries and pricing solutions that are 
returned by a CRS is a small portion of the total set 
that may satisfy a passengers request. 

20 SUMMARY OF THE INVENTION 

According to one aspect of the invention, a travel 
planning system includes a server process that 
determines travel planning information in response to 
travel request information and a client process that 

25 receives said travel planning information. The client . 
process includes a manipulation process that operates on 
the travel planning information. In one embodiment, the 
manipulation process can operate on the travel planning 
information in accordance with at least one 
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userpref erence input . 

According to another aspect of the invention, an 
airline travel planning system includes a scheduler that 
produces a set of flights in response to a user 
5 specified query, a faring system that provides fares for 
the sets of flights, and which represents the sets of 
flights and fares as a set of logically manipulatable 
nodes in a data structure. The system also includes an 
enumeration process that processes the data structure to 
10 extract flight -fare components from nodes in the data 
structure. 

According to a still further aspect of the 
invention, a travel planning system includes a server 
process that in response to at least one travel 

15 destination and at least one travel origin determines a 
set of pricing solutions, said sec of pricing solutions 
represented by a structure that contains a plurality of 
logically combinable entries that represent a second 
plurality of pricing solution entities and a client 

20 process that receives said pricing solution structure. 
The client process includes an enumeration process that 
extracts pricing solutions from the structure. 

According to a still further aspect of the 
invention, a travel planning system includes a server 

25 process that in response to at least one travel 

destination and at least one travel origin determines 
and represents a set of pricing solutions by a directed 
acyclic graph data structure and a client process that 
receives said directed acyclic graph. The client 
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process uses the directed acyclic graph representation 
to enumerate in response to user preferences a set of 
pricing solutions. 

According to a still further aspect of the 
5 invention, an airline travel planning system includes a 
server computer and a server process executed on said 
server computer, said seirver process including a search 
process to search for set of pricing solutions that 
determine possible set of pricing solutions in 

10 accordance with at least one destination and at least 

one origin, said search process representing said set of 
pricing solutions in the form of a directed acyclic 
graph and a client computer and a client computer 
process responsive to the set of pricing solutions 

15 represented in the form of the directed acyclic graph. 
The client process including a manipulation process that 
manipulates the set of pricing solutions in the form of 
the directed acyclic graph representation in response to 
user preferences. The manipulation process includes a 

20 pruning process responsive to user preferences that 

alters the directed acyclic graph representation in such 
a manner so as to eliminate undesirable pricing 
solutions, and an enumeration process responsive to user 
preferences that produces a sorted subset of the pricing 

25 solutions represented in the directed acyclic graph. 

One or more advantages are provided by the some of 
the aspects of the invention. The client process 
receives a set of pricing solutions provided in a 
compact representation. A preferred, compact 
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representation of the set of pricing solutions is as a 
data structure comprising a plurality of nodes that can 
be logically manipulated using value functions zo 
enumerate a set of pricing solutions. One preferred 

5 example is a graph data structure type particularly a 
directed acyclic graph that contains nodes that can be 
logically manipulated or combined to extract a plurality 
of pricing solutions. The client, can store and/or 
logically manipulate the set of pricing solutions to 

10 extract or display a subset of the set of pricing 

solutions without the need for additional intervention 
by the server. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 The foregoing features and other aspects of the 

invention will be described in further detail by the 
accompanying drawings, in which: 

FIG. 1 is a block diagram of a client server travel 
planning system. 

20 FIG. 2 is a flow chart showing a server process 

used in the system of FIG. 1. 

FIG. 3 is a flow chart showing a client process 
used in the system of FIG. 1. 

FIGS. 3A-3B are diagrammatic representations of 
25 pricing graphs. 

FIGS. 4A-4B are flow charts showing a faring 
process used in the server process of FIG. 2. 
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FIG. 5 is a flow chart showing a process to 
decompose an itinerary into faring atoms used in the 
process of FIG. 4A. 

FIG. 6 is a flow chart showing a process for 
5 partitioning itineraries used in the process of FIG. 5. 

FIG. 7 is a flow chart showing a process for 
applying rules to faring atoms used in the faring 
process of FIG. 4A. 

FIGS. 8A-8C are flow charts showing a process for 
10 retrieving fare rules. 

FIG. 9 is a flow chart showing a process for 
applying fare rules. 

FIG. 10 is a flow chart showing a process for 
determining priceable units used in the faring process 
15 of FIGS. 4A-4B. 

FIG. lOA is a flow chart showing a process for 
enumerating collections of sets of faring components 
used in the process of FIG. 10. 

FIG, 11 is a flow chart showing a process for 
20 enumerating collections of faring components used in the 
process of FIG, 10. 

FIG. 12 is a flow chart showing a process for 
representing priceable units in a compact 
representation . 

25 FIGS. 13-15 are flow charts showing processes for 

determining priceable units. 

FIG. 16 is a flow chart showing a process for 
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producing slice label sets. 

FIG. 17 is a flow chart showing the process for 
constructing a pricing graph. 

FIG. 18 is a block diagram showing the relationship 
5 between the pricing graph and a graphical user interface 
for the travel planning system of FIG. 1. 

FIG. 19 is a flow chart showing various enumeration 
functions. 

FIG. 20; is a diagram of a window depicting a user 
10 interface. 

FIG. 21 is a diagram of a window used in an initial 
query; 

FIG. 22 is a diagram of a window depicting an 
exemplary solution of a one-way travel request. 

15 FIG. 23 is a diagram of a window depicting an 

itinerary and associated fares corresponding to one of 
the solutions depicted in FIG. 21. 

FIG. 24 is a diagram of a window depicting an 
exemplary solution of round trip travel request. 

20 FIG. 25 is a diagram of a window depicting an 

outbound itinerary and a possible return itinerary -*id 
associated fares corresponding to one of the solutions 
depicted in FIG. 24. 

FIG. 26 shows the window generally depicted in 
25 conjunction with FIG. 24 modified based upon a user 
selected criteria. 
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FIG. 27 shows a window depicting a histogram 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a travel planning system 
5 10 is shown. The travel planning system can be used 
with various forms of travel such as airline, bus and 
railroad and is particularly adapted for air travel. It 
includes a server computer 12 having a computer memory 
or storage media 14 storing a server process 15. The 

10 server process includes a scheduler process 16 and a 
faring process 18. The scheduler process 16 is any 
suitable scheduler process that will produce from a 
travel request sets of flights that can satisfy the 
request. The faring process 18 is a process that 

15 determines a set of valid fares and links the set of 
valid fares to the sets of flights to form a pricing 
solution. The server process 15 can be configured to 
produce other travel -related information as a result of 
a user query. For example, the server process 12 can 

20 produce routes, or airline suggestions, optimal travel 
times and suggestions for alternative requests. 

The travel planning system 10 also includes a 
plurality of databases 20a, 20b which store industry- 
standard information pertaining to travel {e.g., 
25 airline, bus, railroad, etc. ). For example, database 
20a can store the Airline Tariff Publishing Company 
database of published airline fares and their associated 
rules, routings and other provisions, the so-called 
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ATPCO database. Database 20b can be an inventory of 
current availability of airline information for a 
particular carrier and so forth. The databases 20a-20b 
are typically stored locally and updated periodically by 
5 accessing remote resources 21a, 21b that maintain the 
respective databases. 

The system 10 also includes a plurality of clients 
30a-30c implemented by terminals or preferably personal 
computers. The clients 30a-30c are coupled to the 
10 server 12 via a network 22 which is also used to couple 
the remote resources (21a-21c) that supply the databases 
20a-20b to the server 12. The network 22 can be any 
local or wide area network or an arrangement such as the 
. Internet . 

15 The clients 30a-30c are preferably smart clients. 

That is, using client 30c as an illustrative example, 
client 30c includes a client computer system 32 
including a computer memory or storage media 34 that 
stores a client process 36 and a set of pricing 

20 solutions 33. The set of pricing solutions 38 in one 
embodiment is provided from the server process 16 and 
comprises a set of fares that are valid for a journey, 
and associated information linking the fares to the 
flight segments of the journey. 

25 The set of pricing solutions 38 is obtained from 

the server 12 in response to a user request sent from 
the client 30c to the server 12. The server 12 executes 
the server process 15 using the scheduling process 16 
and the faring process 18 to produce a set of pricing 
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solutions for a particular journey. If requested by the 
client, for example client 30c, the server 12 will 
deliver the set of pricing solutions 33 to the 
requesting client 3 0c. Under control of the client 
5 process 36, the requesting client 3 0c can store and/or 
logically manipulate the set of pricing solutions 33 to 
extract or display a subset of the set of pricing 
solutions as a display representation 41 on the monitor 
40, 

10 

SERVER PROCESS 

Referring now to FIG. 2, the server process 18 is 
preferably executed on the server computer 12 but could 
be executed on the client computer 32. The server 

15 process 18 is responsive to a user input query 48. The 
user input query 48 would typically include minimal 
information needed to determine a set of pricing 
solutions. This information typically requires at a 
minimum, an origin and a destination for travel. In 

20 addition, the information could also include times, 
dates and so forth. 

This query 48 is fed to the scheduler process 16 
that produces a large number of itineraries, that is, 
sequences of flight segments between the origin and 
25 destination for each slice of a journey. Examples of 
scheduler systems that may be used include the OAG 
Flight Desk (Official Airlines Guide, a division of Reed 
Travel Group) or schedule components of computer 
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reservation systems (CRS's) such as Sabre®, Apollo®, 
Amadeus® and WorldSpan®. It is preferable in order to 
obtain the largest number of possible itineraries to use 
a scheduler with dynamic connection generation. Such a 
5 scheduler is described in co-pending patent application 
entitled SCHEDULER system for travel planning SYSTEM. 

Serial No. , filed on by Carl g. 

deMarcken et al . and assigned to the assignee of the 
invention and incorporated herein by reference. 

10 The scheduler process 16 provides the itineraries 

to a faring process 18. The faring process 18 provides 
a set of pricing solutions 38 by finding valid fares 
corresponding to the itineraries produced by the 
scheduler process 16. The faring process 18 validates 

15 the fares for inclusion in the set of pricing solutions 
38. 

The set of pricing solutions 3 8 is used by an 
availability system 58 that interrogates an airline 
inventory database 20b to determine whether there are 
20 seats available on particular flights for particular 

pricing solutions. The availability system 58 uses the 
airline inventory database 20b as a filter co remove 
from the set of pricing solutions 38 those pricing 
solutions for which there are not available seats. The 
25 availability system 58 is shown after the faring process 
18. However, it could be included at nearly any point 
in the server process 18. In addition, it is shown 
being fed by the pricing solution when it may only 
receive flight information from the scheduler process 16 
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depending on the airline. 

The clienc system 30c receives the results from the 
server process 18. These results are the set of pricing 
solutions 3 8 and/or pricing solutions based upon 
5 availability. The client process 36 executed in the 
client 3 0c uses this information or a subset of it to 
access a booking system 62 to provide a booking and 
reservation for a user selected, enumerated pricing 
solution, as will be described below. 

CLIENT PROCESS 

Referring now to FIG. 3, the client process 3 6 
receives a listing of possible itineraries from the 
scheduler process 16 as well as the set of fares from 

15 the faring process 18 or the availability system 58. 
The sec of pricing solutions 38, if obtained from the 
faring process 18, will include a large number of 
pricing solutions for which there is not any available 
inventory. Therefore, the components would need to be 

20 first checked out with an airline prior to booking. The 
set of pricing solutions 38 if obtained after the 
availability system 58 should contain pricing solutions 
which have a high degree of availability for booking on 
an airline. 

25 In one embodiment, the set of pricing solutions 38 

is provided in a compact representation 38*. A 
preferred, compact representation 33' of the set of 
pricing solutions 3 8 is as a data structure comprising a 
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plurality of nodes including itineraries and fares and 
that can be logically manipulated using value functions 
to enumerate a set of pricing solutions. One preferred 
example is a graph data structure type particularly a 
5 directed acyclic graph (DAG) that contains nodes that 
can be logically manipulated or combined to extract a 
plurality of pricing solutions. 

The client process 3 6 receives the flight 
information from scheduler process 16 and the pricing 

10 solution from the faring process 18 or the availability 
system 5 6 and enumerates pricing solutions from the 
directed acyclic graph (DAG) representation. The 
enumerated set of pricing solutions is rendered in a 
graphical user interface 41 on the client monitor 40 

15 (FIG. 1) in a manner as will be described below. 

In response to user input 76, the client 40 can 
manipulate travel options and can query the local copy 
of the DAG to produce and display a subset of pricing 
solutions enumerated from the DAG that satisfy the query 
20 76. The m.anipulation process used to control the 

display and change the travel options will be described 
below. 

A directed acyclic graph (DAG) is used to represent 
the compact set of pricing solutions 38' since, in 
25 general, the number of nodes needed to represent a 

typical pricing solution will be substantially less than 
the actual number of pricing solutions represented by 
the DAG. This significantly increases the efficiency of 
transfer of a set of pricing solutions 3 8 from the 
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server process 13 to the client process 36. The DAG 
representation also minimizes the storage requirements 
for the set of pricing solutions 38. The DAG 
representation permits the use of powerful search, 

5 sorting and manipulation processes to produce various 
subsets of set of pricing solutions in an efficient 
manner. As used herein, a directed acyclic graph (DAG) 
is a set of nodes connected by directed arcs, that have 
no loops of arcs in the same direction. If a node A is 

10 connected to a node B via an arc A-B, then A is called a 
parent of B, and B is called a child of A. Each node 
may have zero, one or many parents and zero, one or many 
children. As used herein, a pricing solution that is 
represented by a graph will be referred to as a pricing 

15 graph. 



PRICING-GRAPH 

A pricing graph that is produced by the faring 
process 18 and that represents a pricing solution 

20 includes three types of nodes. The first type of node 

is an exclusive node, i.e., "OR" node. An OR node N with 
children A, B and C represents an exclusive choice 
between A, B and C. In other words, a pricing- solution 
involving node N contains either the fares and 

25 itineraries represented by A, or by B, or by C. 

The second type of node is a collection node, i.e., 
an "AND" node. An AND node N with children A, B and C 
represents the sum of A, B and C. In other words, a 
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pricing solution involving N contains all the fares and 
itineraries found within A, 3 and C. 

The third type of node is a terminal node. 
Terminal nodes are used to hold pricing objects. 
5 Pricing objects include fares, itineraries, surcharges, 
routes, prices, booking codes, taxes, rules/restrictions 
and other information of the user or information that 
might be part of a travel option. 

Collectively, "AND" and "OR" nodes are non-terminal nodes. 

10 An 'example of the pricing-graph for a hypothetical 

round- trip journey is presented below in TABLE 1. For 
each node, its type and children are listed. If a node 
is a terminal, the fare or itinerary is provided. Many 
nodes in the pricing graph have more than one parent. . 

15 TABLE 1 





Tvpe 


Cni I rirer. 




0 


OR 


Nodes 1, 2» 3 




1 


AND 


Nodes 10, 14, 17, 17 




2 


AND 


Nodes 4, 5 




3 


AND 


Nodes 13, 15, 19, 19 




4 


OR 


Nodes B, 9 




5 


OR 


Nodes 6,7 




6 


AND 


Nodes 14, 16 




7 


AND 


Nodes 15, 18 




B 


AND 


Nodes 13, 16 




9 


AND 


Nodes 13, 18 




10 


OR 


Nodes 11, 12 




11 


Itin. 




Slice 1: BOS-LAX UA023 


12 


Itin. 




Slice 1: BOS-DFW UAIOO, 
DFW-LAX UA103 


13 


Itin. 




Slice 1: BOS-SAN NW222 


14 


Itin. 




Slice 2: LAX-BOS UA515 


15 


Itin. 




Slice 2: SAN-BOS NW223 


16 


Fare 




UA BOS-LAX One-way "Y" 


17 


Fare 




UA BOS-LAX Round- trip 
"0E7NR" 
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18 


Fare 




NW BOS -SAN One-way "F" 


19 


Fare 




NW30S-3AN Round-trip 



This pricing-graph represents a total of nine 
pricing solutions. These solutions can be extracted 
from the pricing-graph by descending from the root node, 
5 node 0. At every OR node a choice between children is 
made, and the choice determines the pricing- solution 
that results. At every AND node each child branch is 
descended, and the results are combined. 

The term BOS-LAX UA023 is an itinerary which uses 
10 standard nomenclature to represent airports BOS and LAX, 
airline UA, and flight number 023. In general, 
conventional nomenclature used in the airline industry 
will be used herein. 

The set of pricing-solutions that represented in 
15 the pricing-graph is presented in TABLE 2 below. 

TABLE 2 



Solution 
Number 


Itineraries 


i'arcs 


1 


Slice 1: BOS-LAX UA023 
Slice 2: LAX-BOS UA515 


UA BOS -LAX RT "QETMR" 
UA BOS-LAX RT "QETNR* 


2 


Slice 1: BOS-LAX UA023 
Slice 2: LAX-BOS UA515 


UA BOS -LAX OM "Y* 
UA BOS-LAX OW 


3 


Slice 1: BOS-LAX UA023 
Slice 2: SAN-BOS NW223 


UA BOS-LAX OW "V 
NW BOS-SAN OW "F- 


4 


Slice 1: BOS-DFW UAIOO, 
DFW_LAX UA103 

Slice 2: LAX-BOS UA515 


UA BOS -LAX RT *QB7NR" 
UA BOS -LAX RT ''QE7NR' 


S 


Slice 1: BOS-DFW UAIOO, 
DFW_LAX UA1Q3 

Slice 2: LAX-BOS UA515 


UA BOS -LAX OW 'Y* 
UA BOS-LAX OW "Y'* 


6 


Slice 1: BOS-DFW UAIOO, 
DFW_LAX UA103 

Slice 2: SAN-BOS NW223 


UA BOS- LAX OW "Y" 
NW BOS -SAN OW 'F" 
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7 


Slice 1: BOS-SAN NW222 
Slice 2: LAX-BOS UA5I5 


NW BOS-SAN OW "F" 
UA BOS -LAX OW -Y* 


8 


Slice 1: BOS-SAN NW222 
Slice 2: SAN-BOS NW223 


NW BOS -SAN RT "HTNR" 
NW BOS -SAN RT "H7NR" 


9 


Slice 1: BOS-SAN NN222 
Slice 2: SAN-BOS NW223 


NW BOS-SAN OW "F* 
NW BOS -SAN OW "r" 



The pricing-graph encodes the requirement that two 
itineraries are combined, one from slice 1 and one from 
slice 2, to form a pricing solution. Further, each 

5 itinerary is spanned by fares. In this case each 
pricing solution involves two fares, and round- trip 
fares are combined with like round-trip fares. In most 
circumstances, the number of nodes in the pricing-graph 
is small compared to the number of pricing- solutions 

10 those nodes represent. In many cases, a graph of 10,000 
or so nodes can represent more than 1,000,000,000 
pricing- solutions . 

Referring now to FIG. 3A, the nodes of the pricing 
graph corresponding to Table 1 are shown, as an example. 

15 This figure illustrates the manner in which nodes in 

the pricing graph data structure as represented in Table 
1 are combined to provide the pricing solutions shown in 
TcdDle 2. Using pricing solution No. 1 (from TABLE 2) as 
an example, it can be shown that starting at the top of 

20 the graph at node 0, node 0 allows for a choice between 
nodes 1, 2, and 3. For pricing solution No, 1, Node 1 
is chosen. Node 1 is the AND node that points to nodes 
10 and 14, and has two pointers to node 17. Node 10 is 
an OR node which provides a choice of either nodes 11 or 



wo 00/02153 PCmS99/l4964 



18 

nodes 12. Node 11 as shown in FIG. 3A corresponds to a 
terminal node, the itinerary ('BOS-LAX UA 023) . Node 12 
corresponds to a terminal node, the itinerary BOS-DFN UA 
100, DFN-IiAX UA 103. This second choice in node 10 will 
5 provide pricing solutions corresponding to numbers 4-6, 
respectively. Therefore, selecting node 11 provides the 
itinerary for the first slice of solution 1. The fare 
for pricing solution 1 is provided by node 17 which has 
two pointers, one for each slice, to the fare "US BOS-LAX 

10 RT QE7NR" corresponding to the fare shown for pricing 
solution no. 1 in Table 2 for the first slice. The 
second itinerary for pricing solution no. 1 is provided 
by node 14 which is referenced in AND node 1 that points 
to the itinerary LAX-BOS UA 515. The corresponding fare 

15 is also from tearminal node 17 since it is a round trip 
fare UA BOS -LAX RT QE7NR. 

A second one of the pricing solutions, for example, 
the pricing solution 4 incorporating the terminal node 
12 is provided by starting at node 0, and using node 1. 

20 Node 1 is an AND node requiring that nodes 17 (twice) , 
node 10, and node 14 be included. Node 10 is an OR node 
as mentioned above and is used to select node 12 which 
is the itinerary including segments "BOS-DFW UA 100" and 
"DFW-LAX UA 103". From node 1, node 14 the return 

25 itinerary LAX-BOS UA 515 also is reached. Node 17 also 
is chosen which contain the round trip fares. 
Similarly, the remaining ones of the pricing solutions 
can be extracted from the pricing graph in the same 
manner as the two examples given above. 
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As mentioned above, a graph will rypically have 
many more pricing solutions than nodes in the graph. 
The example just illustrated in conjunction with FIG. 3A 
has 9 pricing solutions and 19 nodes which is an 
5 exception to that general rule. Another example of a 
pricing graph which does satisfy that general 
observation is shown in conjunction with FIG. 3B. 

Referring now to FIG. 3B, a pricing graph is shown 
having 43 nodes N0-N42 that when combined represent 856 

10 pricing solutions. Each node in the pricing graph has a 
number associated with it corresponding to the number of 
pricing solutions that is represents. In order to make 
this illustration of manageable size, identifiers 
(representing the nodes of the terminals) are 

15 substituted in the pricing graph for the actual terminal 
objects of the graph. Thus, as shown in FIG. 3B, 
outbound and return itineraries, and fare nodes are 
represented by the Nodes N20-N42 This pricing graph 
(TABLE 3) has 9 itineraries which can be combined with 

20 14 fares represented by 13 AND nodes and 7 OR nodes. 
The pricing objects are represented by 23 nodes. The 
pricing graph has a combined total of 43 node=!s tc 
represent 876 pricing solutions. 

FIG. 3B shows examples of a pricing graph for a 
25 round trip LAX-BOS journey. This example shown in FIG. 
3B is generally more representative of an outcome of a 
faring search. That is, generally the pricing graph 
represents more pricing solutions than nodes contained 
in the graph. 
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TABLE 3 



Node 


Type 


Chiidren 


Object 


0 


AND 


Nodes 1, 6, 11 




1 


OR 


Nodes 2, 3, 4 




2 


AND 


Nodea 5, 40 




3 


AND 


Nodes 41 r 41 




4 


AND 


Nodes 42, 42 




5 


OR 


Nodes 39, 40 




6 


OR 


Nodea 7,8, 9 




7 


AND 


Nodes 20, 10 




6 


AND 


Nodes 21, 10 




9 


AND 


Nodes 22, 10 




10 


OR 


Nodes 23, 24, 25, 26 




11 


OR 


Nodes 12, 13, 14, 
16, 17, 18 




12 


AND 


Nodes 27, 15 




13 


AND 


Nodes 28, 15 




14 


AND 


Nodes 29, 15 




15 


AND 


Nodes 30, 31, 32 




16 


AND 


Nodes 33, 19 




17 


AND 


Nodes 34, 19 




18 


AND 


Nodes 35, 19 




19 


OR 


Nodes 36, 37, 38 




20 


Itin. 




Slice 1: LAX-DFW NWlOO, DFW-BOS 
AA223 


21 


Itin. 




Slice 1: LAX-DFW NW137, DFW-BOS 
AA223 


22 


I tin. 




Slice 1: LAX-*DFW NW137, DFVJ^BOS 
AA414 


23 


Fare 




DFW, LAX NW "Y" OW 


24 


Fare 




DFW, LAX NW "F" OW 


25 


Fare 




DFW, LAX NW "C OW 


26 


Fare 




DFW, LAX NW "QA7«. OW 


27 


Itin. 




Slice 2: BOS-»DFW AA67, DFW- LAX 
C0716 


28 


Itin. 




Slice 2: BOS-DFW AA67, DFW-LAX 
C0717 


29 


Itin. 




Slice 2: BOS-DFW AA67, DFW- LAX 
C0719 


30 


Fare 




DFW, LAX CO "F* OW 


31 


Fare 




DFW. LAX CXI "C" OW 


32 


Fare 




DFW, LAX CO "Y" OW 


33 


Itin. 




Slice 2: BOS-DFW AA852, DFW-LAX 
DL186 


34 


Itin. 




Slice 2: BOS-DFW AA852 , DFW-LAX 
DL180 
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35 


Icin. 




Slice 2: BOS^DFW AAa52, D?W-*LAX 
DL343 


36 


Pare 




DFW, LAX DL "F* OW 


37 


Fare 




DFW, LAX DL "CT OW 


38 


Fare • 




OFW, LAX DL "Y" OW 


39 


Fare 




DFW, BOS AA '^OETNR" RT 


40 


Fare 




DFW, BOS AA -0E7IP- RT 


41 


Fare 




DFW, BOS AA -QE14NR- RT 


42 


Fare 




DFW, a03 AA "OEaiNR" RT 



THE FARING SYSTEM 

Referring now to FIGS. 4A and 4B, the faring 
5 process 18 includes a process 80 to retrieve itinerary 
sets for all slices in an itinerary. The itinerary sets 
are provided from the scheduler process 16 for each 
slice of a journey where a slice corresponds to a 
direction of travel. Thus, for example, for a round 
10 trip journey there would be two slices, one for the 

outbound part of the journey and one for the return part 
of the journey. The faring process 13 decomposes 82 the 
itinerary into faring atoms. As used herein, faring 
atoms refer to a sequence of flight segments or 
15 equivalently legs that are spanned by a single fare. 
For example, the itinerary 

UA005 from DFW to BOS at 12:30 on 12N0V 

UAOlO from BOS to YYZ at 18:00 on 12N0V 

AC121 from YYZ to YVR at 01:00 on 13N0V 

20 permits the following f aring-atoms as shown in TABLE 4 . 
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TABLE 4 



Fa ring -Atom Number 


Legs and Departure Times 


1 


DFW-BOS UA005 L2N0V 12:30 


2 


BOS-YYZ UAOlO 12N0V 18:00 


3 


DFH-BOS UA005 12NOV 12:30 
BOS-YYZ UAOlO 12N0V 18:00 


4 


YYZ-YVR AC121 13NOV 01:00 



A faring atom is represented by a data structure 
that preferably includes the following fields as shown 
5 in TABLE 5: 



TABLE 5 


Faring-Acoji fiald? 




legs- and -departure - 
times 


A list of legs and their departure times and 
dates. 


faring -market 


The f aring-market that this faring-atom is in. 


cached- results 


A storage space used to eliminate redundant 
computation in the rule-checking process. As 
rule record- 2s are applied to faring-atcms, the 
results are stored in this field. If the same 
record- 2 is applied again, the answer is 
retrieved rather than recomputed. 


priceable-unit- 
labels 


A list of the priceable-unit- labels that the 
faring-atom enters into. 



10 After the faring process 18 decomposes the 

itineraries into faring atoms, the faring process 18 
retrieves fares 84 and rules 86 for each faring atom by 
accessing the fares/rules database 20a mentioned above. 
At this point a fare's routing is retrieved from a 
15 routing database and applied to a faring atom. If the 
routing test fails, the fare cannot be applied to the 
faring atom and a fare component is not built. 

The faring process 18 applies the rules 88 to the 
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faring atoms to produce fare components. Fare- 
components are combinations of faring-atoms and fares. 
Fare -components (TABLE 6) are produced if a fare's rules 
pass a preliminary check on a faring-atom. They are 
5 used to store deferred rules (e.g., deferred record-2s 
and combinability record-2s) that are applied at a later 
stage of processing. Fare components also store extra 
information produced during the rule-checking process, 
such as information about surcharges and penalties and 
10 discounts that are applied to the base fare price. 



TABLE S 



?are-Ccmponent fields 


Use 


fare 


The fare -component's fare. 


faring-atom 


The fare -component's faring-atom. 


def erred-record-2s 


A list of non- category- 10 record-2s 
that have not been fully evaluated. 


combinability -record -2 


If the fare's rules include a category- 
10 ("Fare Combinability" record-2, it is 
stored here. 


surcharges 


A list of surcharges, penalties, 
discounts and other pieces of 
information produced during the rule- 
checking process. 



15 From the fare components the faring process 18 

constructs 90 priceable units. For certain types of 
rules such as those which require access to fares nnd/or 
flights from outside of the fare component, those rules 
are stored in the fare component for later or deferred 

20 evaluation. The priceable unit process 90, takes valid 
fare components and constructs priceable units from the 
fare components. This process 90 involves grouping fare 
components from different slices and checking fare 
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component coKibination restrictions. At this stage of 
processing, the rules deferred in step 88 are reapplied. 

Priceable units are represented by priceable-unit - 
cores and priceable-unit-labels . Priceable-unit-cores 
5 are collections of fares and other information 

associated with fares within a priceable-unit, such as 
discounts and penalties and surcharges. Priceable-unit- 
cores (TABLE 7) are referenced by priceable-unit-labels. 



TABLE 7 


Priceable-unit -Cere fields 


use 


fares 


A list of fares. 


slice -numbers 


A list of the slices the fares originate 
from. 


surcharges 


A list of surcharges, penalties, discounts 
and other pieces of information produced 
during the rule- checking process. 



Priceable-unit-labels group a set of priceable-unit- 
cores with sets of f aring-atoms . Together, they are 
used to represent sets of priceable-units (TABLE 8) . 

15 

TABLE 8 



Prictidble-Unin -L:ibel £i.eldb 




priceable-unit-cores 


A set of priceable-unit cores. 


si ics -numbers 


A list of the slices the fares and 
faring-atoms originate from. 


faring -atom- sets 


A list of sets of faring-atoms, one per 
slice. 



When all the fare components within a priceable unit are 
known, rules that were deferred from the processing 88 
20 are applied 92 to the priceable unit sets of faring 
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atoms . 

After evaluation of the deferred record-2s at the 
priceable unit stage, the itineraries and priceable 
units are grouped together into complete set of pricing 
5 solutions. This occurs by a link process 94 chat links 
itineraries to corresponding pricing units from 
different slices to provide the pricing solution. At 
this juncture, any remaining cross priceable unit fare 
combinability checks are performed to eliminate invalid 

10 combinations. 

The linking process involves two additional data 
structures slice-label-sets and open-label-sets. Slice- 
label-sets group itinerary divisions by the multi-slice 
priceable-unit- labels they can enter into. In each 

15 slice of a journey, a unique slice-label-set is 

constructed for every set of multi-slice priceable-unit - 
labels. Each slice-label-set stores both the set of 
multi-slice priceable-unit - labels and a set of 
itinerary- label 'holders, which contain single-slice 

20 priceable-unit-labels on a per-itinerary basis. Each 
slice-label-set is a pair of an itinerary and a sec of 
division- label 'holders. Each of these division-label - 
holders is a pair of a division and a set of sets of 
single-slice priceable-unit-labels (TABLE 9) . 

25 

TABLE 9 



Slice-T,.ibel-Sec fielcc 


Use 






multi- slice- PU- labels 


A sec 


of 


multi- slice PU- labels. 


itinerary- label -holder3 


A set 


of 


itinerary- label -holders . 
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I cinerary- Label -Holder fields 


Use 


itinerary 


An itinerary. 


division- label -holdera 


A set of division- label -holders. 




Oivision-Label-Hclder fielcis 


Use 


Division 


An itinerary division. 


single-alice-PU- label -sees 


A set of sets of single-slice PU- 
labels . 



Open- label -sets (TABLE 10) are used to summarize the 
state of the linking process 94. Each is a set of "open" 
5 multi-slice priceable-unit -labels and a set of backward- 
links. Each of these backward- links is a pair of a 
slice-label-set and an open- label- set . 



TABLE 10 



10 



Open-Label-Set fields 


use 


open- PU- labels 


A set of open multi-slice PU-labels. 


backward- 1 inks 


A set of backward- links. 




Backv;ard- Link fields 


Ucc 


slice- loUael - set 


A slice-label-set. 


open-label-set 


An open-label-set. 



The pricing solution resulting from the linking 
process 94 is used to construct a pricing graph from the 
various data structures built during the preceding 
15 processes. This pricing graph is transmitted to the 
client process or can be stored for later use or 
transmission. A pseudocode representation of the high 
level processing logic involved in the above search 
procedure is set out below in TABLE 11. 
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TABLE 11 

pnce-itinerary-sets(itinerary-sets, fare-database, rute^atabaso. routing-database, environmentalnnformation) 
// 

// iUnerary-sets is a set of sets of itineraries, one per siice, 

// envircnmentaHnfofmatlon contains Information about the oassenger, tne cunent date, tne location 

yy where tickets wil be purchased, and other non-itinerary-based information that is necessary for apptying 

// fare rules. 

// 

Let faring-mai1cet*$ets = 0 

// Construct itlnerary-divtsions, faring-maricets and faring-atoms. 

Let slioe-number » 1 

For Itinerary-set in itinerary-sets 

// 

// creatB^Msions constructs the itinerary<iivlsions, faring-markets and faring>atoms for 
// ail the ttinarBries within a slk:e. It returns a set of faring-markets. 
faring-market-sets -*>= create-divisk>ns<itinerarie5, slioe-number, farB-<latabase) 
sUce^uml)cr +=1 

// Apply fare rules* oonstructino fare-oontponents in each faring-markeL 
For faring-market-eet in faring-market-sets 

// 

// appty-fatB-njIes constructs fare-components for each f^ng-market within a slice. 
// This process contains pseudo-code for appfy^arB-wies. 
appiy-fare-rules(faring-market-set, fare-database, mle-database, 
routing-database, environmental-information) 

// Create priceable-units. 

// for crBato-priceai3ie-units 

create-priceable-unjts(faring-market-sets) 

// Link itineraries between slk:es. This procedure returns either nil. if there are no prtcing-solutk>ns. or 
// a "roof open-tabel-set This process is described In fink-itinerBries 
Let root-object = iink-itinerarieslittnerary-sets) 
If (root-object = rtil) 
retum<nil) 

// Create the pricing-graph from the data-structures that have been built in the preceding steps. 
// This process Indudes psedo-code for croate-pricing-graph. 
Let root-node s create-pridng-graphfroot-object) 

// Return the pridng graph, 
retum<root-fK>de) 



Referring now to FIG, 5, the process 82 to 
decompose an itinerary into faring atoms includes a 
retrieval process 100 that retrieves all itineraries for 
5 all slices in a journey. For each itinerary in each 
slice, the process 82 groups faring atoms by faring 
markets at 104 and partitions itineraries into the 
divisions of faring atoms at 106. 
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Referring now to FIG. 6, itineraries are 
partitioned into divisions of faring atoms by examining 
110 for each itinerary whether or not the itinerary 
includes more than one leg 112 on the same airline 114. 
5 For each sequence on the same airline, a faring-atom is 
produced. If the sequence has more than one leg, the 
sequence is also split into multiple faring-atoms (at 
116) , resulting in more than one division of the 
itinerary into a set of faring-atoms. The process 

10 checks 118 whether fares exist for the airline in the 
markets spanned by each faring atom. Otherwise, the 
process will branch from the examination process 112 and 
the airline check process 114 to a fare check process 
118 to check in the fare database 20a that a fare exists 

15 for the airline in the market spanned by the faring 

atom. If all of the faring atoms within a division have 
at least one fare in the market, a division for the 
market is produced at 120. Another possible 
implementation creates divisions by producing all 

20 possible partitions of legs into faring-atoms. 

A high-level pseudocode representation for the 
algorithm that generates faring atoms, faring markets 
and faring divisions for each itinerary within a slice 
is set forth below in TABLE 12 . 
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TABLE 12 



aeate-divisions( itineraries, sUce-numtier. fare-dataoase) 

Let faring>atoms ^ {} 
L8t fanng-mamets * 0 

Subroutine get-fahng-man<et{ortoin*airpoa dastination-aifport, airline y 
Let origin-dty » dty(origin*airport) 
Let destinatiofxity " city(deatination-airport) 

Let previous-faring-mamet = find(<origin<3ty, destination-aty. aiftlne>. fanng-maritets) 
If (prevtous-faring-marfcet) 

retumCprevkxJS-fartng-mahtet) 

Else 

If (fareMxIsKortgtn-city, destinationHaty, airiine)) 
Let taring-mafHet » n«w-faring-inaflcet() 
fartng-nnanceLsilce-numtjer « slice-number 
faring-mariteLongiin-crty ■ origiivcity 
f^rtng-marketdestlnation-city a destination-city 
fahng-marXetatriine » airline 
fartng-maiKetfaftng-atonftt = 0 
faring-markets +a faring-ma/Ket 
retum(fartng*market) 

Else 

retum(nil) 

Subroutine gel-fartng-atomOegs-and-departura-times, origin-airport, destinatcn-airpcrt. airline) 
Let previous-faring-atom = ftnd(legs-and«depamjre-Umes. faring*atoms) 
If (previous-faring*4tom) 

retum(previous-Faring-atom) 

Else 

Let faring-mailcet = get-faring-niarl<et(origin-atrpcrt. destinadon-alrpoa airltne) 
tf (faringHTiarket <> nil) 

Let faring-atom = new^ring-atomO 

faring-atorrUaring-market ^ faring-market 

faring-atomJegs-and-departure-times = legs-and-departure-dmes 

faring-atom.priceable-*init-tebei9 = 0 

faring-atom.cacfted-resuits = 0 

faring-markeLfaring^toms new-faring-atom 

faring-atoms += faring-atom 

retum(fanng-atom) 

Else 

retum(nil) 

Subroutine get-online-divislons<legs-and-departure-times, origin-airport destination-airport, airline) 
Let ontine-diviskms ^ Q 

Let number-of-iegs « length(legs-and-departure-times) 

Let single-farlng-atom sget-faring-atonrHlegs-and-depanure-Mmes. origin-airpoa desunauon-airpoa airtine) 
If (single-fiaing^tom o nil) 

online-divisions += lisKsingle-faring-atom) 
For i from 1 to number-of-tegs - 1 

Let tegs-and-<leparture-timesl = legs-and-departure-times(lJl 

Let Iegs-and-departure-times2 = tegs-and-departure-timesp+l-number-cf-iegsl 

Let destination-airpofti s destinatton-aifpoft(faring-atorn-legsl) 

Let ortgin-airport2 = origin-aifport<faring-atom-legs2) 

If (Is-not-same4light-segment(legs-and-departure-tinnes1, Iegs-and-departure-tirres2)) 
Let faring-atomi = get-fafing-atom(legs-and-departure-timcsl. origin-airport. 

destination-airportl. airline) 
Let fanng-atom2 » get-faring.atom(iegs-and-d8parture-times2, origin.airport2. 

destination-airport airtine) 
If (faring-atomi <> nil and fanr>g-aiom2 <> nil) 

online-divisions ♦= ltst(faring-atom1, faring-atom2) 
retum(online-divisions ) 

For each itinerary in itineraries 
Let divisions » ( 0 } 

Let legs-and-departure-times - itinerary-iegs-and-departure-iimes 



wo 00/02153 PCT/US99/U964 

30 

Referring now to FIG. 7, a process 88 to apply the 
faring rules to faring atoms is shown. The input co the 
application process 88 includes the fare/rules database 
5 20a and faring markets 130. For each faring atom in 
each faring market, a fare and corresponding rules are 
retrieved 132 from fare/rules database 20a. The rules 
are applied to the faring-atoms at 134. Because faring- 
atoms are shared across itineraries, it is only 

10 necessary to apply a fare's rules to a faring atom once 
no matter how many itineraries the faring-atom may 
appear in. The results of rule applications are cached 
136. Caching of a rule minimizes computational effort. 
This is because the rule application process 88 

15 involves many redundancies, because different fares 
share rule restrictions. Valid f are/f aring-atom 
combinations are stored 13 8 in the form of fare- 
components . 

Referring to FIGS. 8A and SB, a process 132 for 
20 retrieving rules and footnotes from the rules database 
20a containing the ATPCO rules, routes and fares 
includes retrieving 150 general rules commonly referred 
to as record_0 * s for each faring atom in a faring 
market. The retrieved general rules are searched 152 to 
25 find the first record_0 matched to the faring atom to 
produce a matched record_0. If there is a matched 
record_0, it is stored at 154. Whether or not there are 
matched record_0's, the process 132 retrieves 156 
application rules commonly referred to as record_l 
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rules. The retrieved application rules are searched to 
find the first record_l matched to each of the faring 
atoms. The first matched record_l's is stored 160. 

If after traversing through all the record_l's 
5 there are no matches found, the process will return a 
"FAIL" at 162 and terminate indicating that the faring 
atom cannot be used by the faring process 18. 

If there is a match, the process 132 retrieves 164 
category controls (commonly referred to as record_2's). 

10 The process 132 will find the first record-2 in each 
category that matches the fare. Record_2*s or the 
category control records typically comprise a large 
number of categories currently 30 different categories. 
The process is run for each category. It is not 

15 necessary that every category have a match and in many 
instances many if not most categories will not have a 
match. Rules in those categories that have a match are 
stored at 168 and the process continues to run at 170 
until all categories have been traversed. If all 

20 categories have not been traversed, a pointer to a next 
category 172 is set and the next category is retrieved 
164. Record-3's are retrieved as part of the rule 
application process 132. 

The ATPCO rule retrieval process 132 that retrieves 
25 the rules for a fare includes record-matching processes 
150, 156, and 164 (FIG. BA) that may depend on the 
departure date of the faring-atom. To minimize 
computational effort expended in rule retrieval 132, 
rules for a fare are not retrieved once for 
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every f aring-acom, but at most cnce per departure -date . 
To further minimize computation, a caching mechanism is 
employed. Referring now to FIG. 8C, a process that 
checks dates for rule retrieval includes retrieving 177 
5 a current date from a faring market that contains faring 
atoms with multiple travel dates, and a stored date 
corresponding to a latest stored date that a result for 
the rule remains valid. The current date is compared 
178 to the stored date and if the rule still remains 
10 valid (i.e., the current date falls within a bound set 
by the stored date) the rule is not retrieved and 
instead rules that had been cached are used. If the 
stored date for the rule is not valid then a new rule is 
retrieved 179 and a new date is subsequently stored 180 
15 for the new rule. 

Referring now to FIG. 9, a process 134 for applying 
the rules retrieved with process 132 is shown. The rule 
application process 134 operates on each faring atom. 
The process 134 applies 181 the record- 1 records to 
20 check for booking codes etc. The process 134 determines 
whether each record-2 was cached in the faring atom. If 
a record-2 was cached in the faring atom, the process 
returns 183 the cached results. Otherwise, the process 
134 applies 184 the record_2's for each of the stored 
25 record_2 categories. Rules provisions are expressed as 
"record-2s'\ which are retrieved 132, as described in 
FIG. 8. These record-2s express logical relations over 
so called "record-3s", which are records that contain 
detailed provisions. Individual procedures are provided 
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for evaluating each record- 3 as applied to a faring 
atom. Each record-3 procedure returns either DEFER, 
FAIL, PASS, NO-^4ATCH or UNAVAILABLE, and these results 
are combined according to the logic in the record-2 to 
5 produce a result of either DEFER, FAIL or PASS for the 
entire record-2. The proper procedures for applying 
record-3s and for combining their results according to 
record-23 are described in the ATPCO documentation. The 
"PASS" value is an extension used here since not all 

10 record-33 can be fully evaluated on the basis of the 

faring-atom alone. The RECORD-2 result is either PASS, 
FAIL or DEFER (the other two values are from record- 3s) . 

As a result of returning a cached result or of the 
application of the record_2's, the process can return 

15 one of five possible results, "DEFER", "PASS", or "FAIL." 
The record as well as its results DEFER, PASS, or FAIL, 
are cached at 136 in the faring atom. The result FAIL 
causes the process 134 to exit 190. Whereas, returning 
a pass or a defer permits the process 134 to continue to 

20 examine remaining record-2s. A defer or pass result is 
stored 185 and it is determined 186 whether all record- 
2s have been processed. If all records have not been 
applied/ examined if cached, the next record-2 is 
retrieved at 186a. After all record-2s have been 

25 examined, if pass results have been provided for all, 
the PASS result causes the process 134 to construct 188 
fare components and exit 190. If at least one DEFER 
result was returned process 134 constructs 188 the fare 
components, stores 189 deferred record-2 's in the faring 
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component and exits 190. The routines 188, 189 and 190 
thus correspond to the stored valid faring atom 
combination routine 138 (FIG. 7) . 

5 APPLICATION OF RECORD- 3 S 

The information contained in record- 33 varies by- 
category. For example, category- 5 record- 3s, which 
specify advanced-purchase restrictions, contain fields 
that specify how long in advance of travel time a fare 

10 must be reserved, how long after a reservation a fare 
must be purchased, and so on. Category-4 record- 3s, 
which specify flight-restrictions, contain fields that 
restrict flight -numbers, aircraft-type, airline, and 
whether flights are direct or non-stop. Every category 

15 has a different procedure for evaluating a faring-atom. 
As discussed above the record- 3 procedures that 
evaluate a faring-atom returns one of five values, and 
may return some other information such as discounts, 
penalties and surcharges. A value of PASS or FAIL can 

20 only be returned if that answer can be determined 

without examining any faring-atom other than the one the 
fare spans . 

The ATPCO rules distinguish between fare-component 
and priceable-unit restrictions. Most restrictions on 
25 travel route, flight -numbers , and aircraft -type are 

fare -component -based, i.e., restrict only the flights in 
the faring-atom governed by the fare. On the other 
hand, minimum and maximum- stay restrictions are 
priceable-unit-based, i.e., apply to joint properties of 
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all the faring-acoms v/ithin a priceable-unit . A 
minimum-stay requirement for a round- trip fare, for 
example, constrains the combination of outbound and 
return f aring-atoms . Generally speaking, FC-based 
5 record-3s will be able to return either PASS or FAIL, 
while PU-based restrictions may need to be deferred. 
Deferring rules means checking them at a later point, 
however. This is a more computationally expensive 
process, because it must be done for combinations of 

10 f aring-atoms within a priceable-unit, and the number 
ways faring-atoms can be combined to create priceable- 
units can be quite large, and grows quickly with the 
size of the priceable-unit. For this reason, whenever 
possible it is desirable for record-3 application not to 

15 result in a value of DEFER. 

Many properties of faring- atoms can be bounded. 
For example, the earliest and latest departure- time \ 
within a f aring -market , or within a slice, can be 
recorded, as well as the minimum and maximum number of 

20 connections within the f aring-market and so forth. This 
information can often be used to evaluate priceable-unit 
restrictions at the fare -component level.. A simple 
example of this is given below. 

In this example, it is assumed that a certain fare's 

25 rules require at least a 3 -day layover at the 

intermediate point of a round-trip priceable-unit, 
measured from the departure- times of the fare- 
components. The fare is used for the first half 
(outbound travel) of the priceable-unit, in the NW 
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CHI_MSP f aring-market in slice 1. If there are exactly 
two slices in the query, then che fare-component that 
covers return travel must come from the NW MSP_CHI 
faring-market in slice 2. Suppose that the following 
5 faring-atoms exist (TABLE 13) . (The airport ORD is in 
the city Chicago.) 

TABLE 13 



i:iicc X Kv: >:r^iJASi' faring a none Slir: : M>: K.t?_CHI f .-iriii-i- ^tu.us 



ORD_MSP NH320 12APR97 13:00 


MSP_ORD NW301 15APR97 19:00 


ORD_MSP NW220 13APR97 13:00 


MSP_ORD NW577 16APR97 12:00 


ORD_MSP NW220 14APR97 13:00 


MSP^ORD NW301 16APR97 19:00 



In each faring-market, the earliest and latest 

10 departure -times can be calculated. In this case, the 

earliest departure- time in the slice-2 NW MSP_ORD market 
is 15APR97 19:00, and the latest departure- time is 
16APR97 19:00. 

When the minimum-stay requirement restriction is 

15 applied to the first faring-atom, its departure time of 
12APR97 13:00 can be compared to the two outer bounds on 
return-travel departure -time, 15APR97 19:00 and 16APR97 
19:00. In this case, the minimum-stay requirement is 
met even for the earliest possible return travel time, 

?n so the faring-atom unconditionally passes the 

restriction. Similarly, for the third faring-atom, 
since the restriction fails even for the latest possible 
return- travel departure -time, the faring-atom 
unconditionally fails the minimum-stay requirement. But 

25 for the second faring-atom, because the restriction 

fails for the earliest possible return time, but passes 
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the latest possible return time, iz is necessary to 
defer the application of the restriction. 

GENERAL TIME BOUNDS 
5 Many priceable-unit -based categories restrict 

times. Categories 3, S, 6, 7, 8, 9, 10 and 14 are 
usually priceable-unit -based. Categories 3 and 14 
usually restrict the departure-date of the first flight 
in a priceable-unit. Category 5 specifies how far in 

10 advance of travel fares must be purchased, and this is 
usually measured from the departure-date of the first 
flight in a priceable-unit. Categories 6 and 7 specify 
minimum and maximum- stays at stopovers within a 
priceable-unit. 

15 In many cases these categories do not need to be 

deferred. This is especially true if, as in the above 
example, time-bounds are known for other f aring-markets 
in the journey, and the range of f aring-markets that 
might enter into a priceable-unit with the faring-atom 

20 in not great. It is a relatively simple matter to 

record for each f aring-market the earliest and latest 
departure-date of any faring-atom within the faring- 
market. This can be done as faring-atoms are 
constructed. The problem remains of how to know what 

25 other f aring-markets might participate in a priceable- 
unit with the faring-atom at hand. 
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CATEGORY -3 

Pseudo code for an example of a procedure that 
implements record-3 cacegory-3, "Seasonality 
5 Restrictions" is shown in TABLE 15. Each category- 3 
record-3 an example of which is shown in TABLE 14 
specifies a permissible date range for travel, via a 
start -date and an end-date, either of which may be left 
blank. The default interpretation of category- 3 is that 

10 these date restrictions apply to the departure-date of 
the first flight of the priceable-unit . This 
interpretation can be modified in two ways. First, if a 
certain field is set, then the category becomes fare- 
component based. In other words, the date restrictions 

15 apply to the departure-date of the first flight within 
the fare -component. Second, a geographic specification 
may be provided that alters the measurement of the 
departure-date. For example, the geographic 
specification may dictate that the relevant date is the 

20 departure-date of the first transoceanic flight. 

Category-3s (TABLE 14) also includes a field that 
specifies whether the record-3 is available. If it is 
not, that is an indication that some information is 
missing and the record-3 should not be used for pricing 
25 a ticket. In this case, the record-3 application must 
return UNAVAILABLE. Finally, a category-3 may include a 
specification of a date range that the category-3 is 
valid for. If travel is outside of these dates, the 
record-3 application must return NO -MATCH. 
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TABLE 14 



Cacegory-j field 




Barliest Permitted Travel Date 


nil 


Latest Permitted Travel Date 


190CT97 


Pare -Component Based 


false 


Geographic Specification 


nil 


Earliest Record- 3 Valid Date 


ISMAYBS 


Latest Record- 3 valid Date 


nil 


Available 


true 



5 The logic of the procedure that processes the 

record-3 is as follows. If the record-3 is not 
available, UNAVAILABLE is returned. If travel is 
outside of the valid date-range of the record-3, NO- 
MATCH is returned. Then, processing branches depending 

10 on whether the record-3 is priceable-unit based (the 
default) , or fare -component based. If fa re -component 
based, and there is no geographic specification, the 
departure date of the faring-atom is compared to the 
date-range of the record-3, and either PASS or FAIL is 

15 returned. If a geographic specification is provided, 
then this is used to compute the relevant travel date, 
and the same procedure applies. If, on the other hand, 
the record-3 is priceable-unit based, then broad time- 
bounds checks are used. If there is no geographic 

20 specification, tha earliest and latest possible 
priceable-unit departure -dates are retrieved and 
compared to the date -range of the record-3. If they 
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both succeed, PASS is returned. If they both fail, FAIL 
is returned. Otherwise DEFER is returned. Finally, if 
the record-3 is priceable-unit baaed and includes a 
geographic specification, then DEFER is returned. The 
5 following pseudo-code implements the processing of 

record-3 category- 3 in the case where the record-3 must 
be evaluated given only a single faring- atom from the 
priceable-unit . 

TABLE 15 

1 0 apply-recortl-3-FC-categQry-3(recQrt-3. fartng-atom, passenger-mfofmation, currenWate) 

If (record-3.avaiJable => iatse) 

return(unavaUable) 
Let date » departure-date<faring-atom) 

If ((record-3.eartest-fecord-3-valid-date <> nH and rocord-3.eartiest-recofd-3-vajid-date > date) or 
(record-3.latB3t-record-3-valkWate <> nil and record-3.latest-recofd-3-valid-datB < date)) 
retum(no-mateh)) 

If (record-3.fare-componenW)ased = true) 
Let travel-date « date 

If (reconj-S.geograptiic-specification <> nil) 

traveklata a apply-^eographic-specification(record-3.geograpWc-speafi(ation, faring-atom) 
If ((record-3.oariiest-petTnittod-traveWate <> nil and reoord-3.eartiest-pemiitted-travel-date > travel-date) or 

(recofd-a.latest-panrttted-traveWate <> n« and record-3 Jate3H>ermited-travel-date < traveWaie)) 

ratum(faB) 

Else 

retum(pa88) 
Else If (record-3.geographic-specification o nH) 
retum(defer) 

Else 

• Let eaiflest-traveMlate = eaflle3t-pr1ceable-untt-deparlure-date(fanng-atom) 
Let latest-travel-date - late5t-prioeat>le-uni(-deparUire-date(faring-atom) 
Let result = pass 

If (record-S.eartiest-pennitted-traveMate <> nil) 

If {record-3.ear1iest-pemntted-tFavGl^ate > latest-travel-date) 
resUt'fail 

Bso If (record-3.eartiest-permitted-travel-datB <= eariiest-travel-date) 
result s defer 
If (record-3JalBst-pemiitted-travel-date <> nil) 

If (reconj-3.tates(-permltted-travel-datB < earliest-travel-date) 
resist ■ fail 

Else If (result <> fail and record-3Jatest-pennltted-travB*-date >= iatest-traveWato) 
result B defer 
retum(resutt) 

There can be another version of this application 
procedure, as shown in TABLE 16 dedicated to the case 
where all of the faring-atoms within the priceable- 
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unicare known. This procedure is simpler, because there 
is no need for time bound checks since all times are 
known exactly. This procedure is used to evaluate 
deferred record 3's (see TABLE 24). 



5 TABLE 16 



appty-recort-3-PU-catagory-3(record-3, fares, faring-atoms, prime-faring-atom, passenger-information, current-date) 

If (record-3.available » false) 

retunn(unavailabte) 
Let date ■ departure<date(prrme-faring-atom) 

If ((record*3.earll68t-record-3-valtd-date <> nil and record-3.6artle8t-record-3-va lid-date > date) or 

(reoord*3.latest-record-3-va[id-date <> nil and record-3.lates(-fecord-3-vajid-date < date)) 
retum(no-matcti)) 

Let travel-datB = date 

If (record-3.fare-CGmponent-based = true) 

If (record*3.geographlc-spedf)cation o nil) 

travel-date = apply'geo^phlc-speclf}cation{record-3. geographic-specification, prfnoe-farlng-atom) 

Else 

travel-date ° departure-dat8(f3ring-atoms) 
If (record-3.geographic-speclf!catlon o nil) 

travel-date a apply-geographic-spectfication(record-3.geographic*specificat]an. farir^atoms) 

If ((record-S.earfiest-peonitted-travel-date <> nil and record'3.eafliest-penmltted*traveklate > travel'date) or 
(reconl-3.latest-penTiltted-travel-date o nH and record'lIatest-permlted-traveMlate < travel-date)) 
retLim(fail) 

Else 

r6tum(pa5S) 

Referring now to FIG. 10, the process 90 for 
constructing priceable units is shown. The term 
"priceable unit" as used herein represents a fundamental 
unit at which many fare restrictions apply. ' For 
10 example, round trip fares often include minimum stay 
requirements and these can only be expressed when both 
an outbound and a return faring atom are combined. This 
occurs at the level of the priceable unit. 

The process 90 of constructing priceable unit cores 
15 and pricing unit labels is organized as several nested 
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procedures as follows. The process enumerates 200 a 
collection of faring markets. Collections of faring 
markets are enumerated 200 with each faring market from 
a different slice by an algorithm that depends on the 
5 type of a priceable unit that is constructed. For 
example, for a round trip priceable unit two faring 
markets are chosen on the same carrier and between the 
same cities but in opposite directions. The process 90 
also enumerates collections of sets of faring components 

10 at 202. For each faring market in a collection of 
faring markets its faring components are partitioned 
into sets of fare components that have the same fare and 
the same combinability record-2s. Collections of these 
sets are enumerated with one set chosen from each faring 

15 market resulting in a collection of fares and associated 
collection of sets of fare components. At this 
juncture, any combinability record 2-s are evaluated to 
insure that the fares may be used together in a 
priceable unit. 

20 The process 90 also enumerates 204 collections of 

fare components. Thus, given a collection of sets of 
fare components from 202, the process evaluates any 
deferred record 2-s on collections of fare components in 
the enumeration process 204. These collections are 

25 constructed by selecting one fare component from each 
set. The process of evaluating deferred rules on 
collections of fare components outputs results in the 
form of a list of factored representations of priceable 
units. Thus, the output is a logical OR of logical ANDs 
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of logical ORs of fare components. 

From the factored representations produced in 204 
the process produces priceable-unit-labels 206 and 
priceable-unit-cores 208 with some sharing occurring 
5 between these structures to ensure that the number of 
priceable-unit-cores and priceable-unit-labels is kept 
to a minimum. 

The pseudo-code below (TABLE 17) summarizes 
enumerating collections of faring markets process 200. 
10 It takes as input a set of sets of faring-markets, 
containing one set per slice. These are the faring- 
markets generated by the calls to "create-dlvislons" (120 
FIG. 6) , as described above. 
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TABLE 17 



create-priceabl«-unjts(farin9-mari(at-sets) 

Let number<f-siicea * lengtft(fanng-mar1cec-5ets) 
Let pricaable-iinit-(at)e4s ~ 0 

For sSce-numbeti from 1 to number<f-sljces 

For faring-maric9tl \n faring-mafXet-sats[siic8-ftumOeflI 

Let akiine = ^ng-marltetl.afrllne 

// Oeata ono-way pr1caat)l»-<jnits. 

pflceabto-unit-labeb « create-PUs-(n-marfcetsl(faring-niarKetl. pnceableHjnit-iatseis. one-way) 

For 3fice^umber2 from siic»-numben ^ 1 to number-cf-sflces . 

For fanngwnancetS In f3ring-markets-on-cantertfanfig-fflarkat-3et3[alics-number2], airline ) 

// Creata single and doutile open-jaws. 

pricaabte-unit-labeis « create-PUs-tn-makets2(f3nng-ma/t8t1. fanng-mancet2. 

pnceabtaHjnit-tabeis. open-jaw) 

If (^ring-martcetl.destlnatton-city » fanng-maricet2.ongin-city) 

// Create round-trfps and cirde-tnps of size 2. 

If {farin9-mar1(et2.destfnatian 3 fanng-mancetl .origin) 

pnceable-unit-labels » create-PU3Hn-<Tiarkets2(f3ring'4Tiar1cet1. fanng-marVetl. 

pnceabie^it-labeb. round-trip) 
priceable-unit-labets s create-PUs-in-mar1(et32(faring-markeM . bring-maiXot2. 

priceabie-unit-tabeis. arde-tnp2) 

For sfice-number3 from siice-mimber2 1 to number-of-stices 

For faring-marlceU in faring-niarkets-on-canwr{^rin9-man(et-sets(slic8-number3I, airtine) 

If (faring-mar1cet2.destination-oty 3 bring-manteO.origin-dty) 

// Create drde-trips at size 3. 

If (faring-mancet3.destination<)ty s (Sarrng-mancetl.ongin-city) 
priceabte-unit-iabets = 

crBale-PUs-(n-man<ets3(faring-mai1teti. faring-martiea. faring- 

// 

// More iterations for drde-trips of lengths 4 and 5. 

// 



// Store priceabie-unit*labeis in faring-atoms. 
Forprlceable-unit-Iabel in priceabie-unit-labeis 

For faring-atom^set in priceable-untt-4a&el.faring-atom*sets 
For faring-atom in faring-atonvset 

fanng-atom.priceable-unit-labels *^ pncaable-unit-tabd 



This pseudo-code iterates over f aring-markets in 
different slices, and passes faring markets to one of 
5 several possible create -PUs-in-markets procedures. 
These procedures vary by size of priceable-unit 
produced. The code ensures chat the f aring-rr.arlcets are 
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in the correct formac for the type of priceable-unit 
produced, and that the priceable units are all on the 
same airline. This last restriction is motivated by 
efficiency since rarely do carriers permit priceable- 
5 units with fares from more than one airline. 

Each call to create-PUs-in-markets returns an 
updated set of priceaQjle-unit - labels . At the end of the 
procedure, these priceable-unit-labels are stored in 
their component f aring-atoms . 

10 There are many other combinability restrictions 

that limit the manner in which fare components can be 
combined into priceable continuous units. Even when 
searching for fares for a small number of itineraries, 
there can be a very large number of possible pricing 

15 units because of the large number of possible fares that 
can exist. It is preferred to represent these priceable 
units in a compact manner so as to minimize the 
computation involved in their construction. 

The faring algorithm does not actually construct a 

20 data- structure for every priceable-unit. Instead, 

priceable-units are represented by a combination of two 
data structures: priceable-unit-cores (PU-cores) and 
priceable-unit-labels (PU-labels) . PU-core data 
structures contain all the information associated with 

25 an individual priceable-unit except its f aring-atoms. 

Thus, each PU-core contains a set of fares (one fare per 
fare -component in the priceable-unit) and any other 
information associated with those fares, such as 
discounts, surcharges and penalties. PU-label data 
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structures compactly represent connections between 
f aring-atoms and PU-cores. 

At this stage of processing, a collection of fares 
has been fixed on, and for each fare there is a set of 
5 fare-components. Priceable-units are constructed by 
selecting one fare -component from each set and 
evaluating any deferred rules. The simplest manner that 
this could be accomplished would be to enumerate 
complete collections of fare -components and to apply the 

10 deferred record-2s from within these fare -component s . 
Often, this method can be made more efficient in some 
cases by use of the function get-OR-AND-OR-form as will 
be described. That function takes a collection of sets 
of fare-components, evaluates any deferred rule- 

15 conditions, and returns a representation of the set of 
valid priceable-units. This representation is in OR- 
AND-OR form. In other words, it takes the form of a set 
of collections of sets of fare -component s . This is very 
close to a set of priceable-unit-labels except that 

20 since the sets are of fare-components rather than 

f aring-atoms , there are no PU-cores. The inner sets of 
fare-components returned by get-OR-AND-OR-fonn are 
guaranteed to have the same fares, surcharges, 
discounts, penalties and so on. 

25 PU-cores and PU-labels are constructed from the 

output of get 'OR- AND -OR. The pseudo-code below 
summarizes this procedure. It iterates over the inner 
AND-OR form, constructing PU-cores (if no identical PU- 
core already exists) and PU-labels (if no identical PU- 



wo 00/02153 



PCT/tIS99/14964 



47 

label already exists) , PU- labels are constructed by 
mapping from fare-components to f aring-acoms . PU-cores 
are stored on PU- labels. 

5 TABLE 13 



crBate-PUs-from-far&-components(fartn9-marKets, fares, fare-component-sets. exisdng-PU-labeis, 

environmental-infonnation) 

Let slice-numbers & 0 

Let PU-labels = exIstlnQ-PlMabels 

Let PU-cores = 0 

For faring-market in taring-martcets 

slice-numbers farlng-marketsllce-number 

For AND-OR in get-OR-AND-OR(f3r1ng-market3. fare-component-sets. environmentai-infomiation) 

/y 

// AND-OR is a coUection of sets of fare-components, representino all the prtceabteHjnits 

// that can be constructed by choosing one fare-component from each set. 

// 

Let PU-core = nil 
Let surcharges = 0 
Let faring^tom-sets = 0 

For fare-component-set in AND-OR 

surcharges first(fare-component-set).surcharge3 

Let faring-atom-set = 0 

For fare-component in fare-component-set 

faring-atonvset fare-componentfaring-atom 
fartng-atom-sets += faring-atom-sei 

// Rnd an existing PU-core with these fares and surcharges, or construct a new one. 
For test-PU-core in PU-cores 

if (test-PU-core^urcharges » surcharges) 
PU<oro = test-PU-core 
If (PU-core = nil) 

PU-core = new-PU-core() 

PU-Gore.fares » fares 

PU-core.surcharges = surcharges 

PU-core.stice-numbers » stice-numbers 

// Rnd an existing PU-label with these farfng-atoms. or construct a new one. 
LetPLMabe) = na 
FortBSt-PU-tabel in PU-labels 

If (tesl-PU-label.faiing-atom-sets = faring-atom-sets) 
PU-label » test-PU4abe) 
If (PU-label = nil) 

PLMabe) « n«w-PU-label() 

PU4abel.fafir>g-atom-sets = faring-atom-sets 

PLMabei.slice-numbers - slice-numbers 

PlMabet.priceable-unit-cores = 0 

PLMabets PU-label 

PLWabel.priceable-unit-cores PU-core 
retum(PU-labels) 
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To understand the role PU-cores and PU-labels piay in 
the faring algorithm, it may be helpful to look at an 
example, involving a round- trip journey between BOS and 
MSP. In this example, there are four outbound 
5 itineraries and four return itineraries, each of which 
is spanned by a single faring -market . For both the 
outbound and return itineraries, there is a choice 
between two airlines, UA and NW. Both of these airlines 
offer two round- trip fares and one one-way fare. This 
10 situation is summarized in TABLE 19 below. 



TABLE 19 



Firiaq- market 




rdltrS 


Slice 1: UA 
BOS-MSP 


BOS-MSP UAIOO 
BOS-MSP UA200 


UA BOS-MSP RT *Q- 
UA BOS-MSP RT "^14" 
UA BOS-MSP OW 


Slice 1: NW 
BOS-MSP 


BOS-MSP NW300 
BOS-MSP NW400 


NW BOS-MSP RT '*HE7'' 
NW BOS-MSP RT -QTNR" 
NW BOS-MSP OW "F" 


Slice 2: UA MSP-BOS 


MSP-BOS UAlll 
MSP-BOS UA222 


same as for the outbound 
UA faring- market 


Slice 2: NW MSP-BOS 


MSP-BOS NW333 
MSP-BOS NW444 


same as for the outbound 
NW faring -market 



15 Assume that in each of the four f aring-markets 

(i.e., BOS-MSP UA, BOS-MSP NW, MSP-BOS UA and MSP-BOS 
NW) , fare -components have been constructed for every 
combination of faring-atom and fare. The fare- 
components built from the fare "NW BOS-MSP RT HE7" 

20 contain a deferred record-2 that is checked during 
priceable-unit construction. This record-2 does not 
permit outbound travel on flight "NW300" combined with 
return travel on flight "NW444." When constructing 
round- trip priceable-units, round- trip fares are 
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combined with like round- trip fares. This situation 
permits the construction of a tocal of 23 priceable- 
units, as shown in TABLE 20. 



5 TABLE 20 



Tyce 


A con 


Fa i'- 


31 ice- i 
F.ir i::r: 


SI ic-- J 


1 TJrtiinH — h ITT n 

X S\.\J \H iU la It ^ k# 


BOS^nSP UAIUU 




nbr'-BOS 
UAlll 


KT U 




oUo^noir UAXUU 


RT ''M14** 


UAlll 






B/^o^Mcn fi&i An 
Bt)S'*Piar UAX.UU 


RT "Q" 


Mar— oOd 
UA222 




4 Hound— trio 




RT "Ml 4* 


nar— 0Uo 
UA222 


RT *M14'' 


5 Round- crip 


BOS-MSP UA200 


RT "Q" 


MSP-BOS 
UAlll 


RT "Q" 


6 Round- trip 


BOS-MSP UA200 


RT ''M14- 


MSP-BOS 
UAlll 


RT •M14'' 


7 Round- trip 


BOS-MSP UA200 


RT -Q" 


MSP-BOS 
UA222 


RT 'Q- 


Q XVWlIXlU* U & 1 p 


BOS-MSP UA2UU 


OT •'Ml A 


MSP-B03 

UA222 


ft! rlX4 


9 Round- trip 


BOS-MSP NW300 


RT "HEVNR" 


MSP-BOS 
NW333 


RT -HE7" 


10 Round- trip 


BOS-MSP NW300 


RT -Q7NR" 


MSP-BOS 
KW333 


RT 

•Q7NR' 


11 Round- trip 


BOS -MSP NW300 


RT "Q7NR* 


MSP-BOS 
NW444 


RT 

'•Q7NR'* 


12 Round- trip 


BOS-MSP NW400 


RT "HE7NR' 


MSP-BOS 
NW333 


RT ■'HE7* 


13 Round- trip 


BOS-MSP NW400 


RT "07NR* 


MSP-BOS 
NW333 


RT 

'07NR" 


14 Round- trip 


BOS-MSP NW400 


RT "HE7NR" 


MSP-BOS 
NW444 


RT "HE7" 


15 One-way 


BOS-MSP NW400 


RT •Q7NR" 


MSP-BOS 
NW444 


RT 

'•Q7NR' 


16 One-way 


BOS-MSP UAIOO 


OW "Y" 






17 One-way 


BOS-MSP UA200 


OW "Y" 






18 One-way 


BOS-MSP NW300 


OW "F" 






19 One-way 


BOS-MSP NW400 


OW 'F- 






20 One-way 






MSP-BOS 
UAlll 


OM "Y" 


21 One-way 






MSP-BOS 


OW "Y" 
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UA222 




22 One-way 






MSP -90S 
NW333 


OW "r" 


23 One-way 






MSP-30S 


OW 



Even in this example, the list of possible 
priceable-units is long (23 units) . The reason that 
there are so many priceable-units is because production 
5 of priceable-units involves several choices (of fares 
and f aring-atoms) . 

In TABLE 21 below, each entry represents a choice 
(an OR) of either f aring-atoms or PU-cores. Each row 
represents a collection (an AND) of these choices. And 
10 finally, the entire table represents a choice (an OR) 
over these collections. Collectively, this OR-AND-OR 
table provides a compact representation of the 23 
priceable-units , 

15 TABLE 21 



N'umber 


Si ice-. I Faring -Ar cm 
Options 


Slice -2 [•::ring^ 
At cm Options 


Price £i i: ^ e - : J nit - o r e 

:ipt IDP.S 


1 


BOS-MSP UAIOO 
BOS-MSP UA200 


MSP-BOS UAlll 
MSP-BOS UA222 


1: RT "Q". 2: RT "Q" 
1: RT -M14", 2: RT 
"M14' 


2 


BOS-MSP NW300 
BOS-MSP NW400 


MSP-BOS NH333 
MSP-BOS NW444 


1: RT "QTNR", 2: RT 
"Q7NR" 


3 


BOS-MSP NW300 


MSP-BOS NW333 


1: RT '*H£T, 2: RT 
-HE?" 


4 


BOS-MSP NW400 


MSP-BOS NW333 
MSP-BOS NW444 


1: RT "HEV, 2: RT 


5 


BOS-MSP UAIOO 
BOS-MSP UA200 




1: OW "r* 


6 


BOS-MSP NW300 
BOS-MSP NW400 




1: OW "F" 


7 




MSP-BOS UAlll 
MSP-BOS UA222 


2: OW -r 


8 




MSP-BOS NW333 
MSP-BOS NW444 


2: OW "F- 
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Each row of TABLE 21 is a priceable-unit- label (PU- 
label) , an object that factors a set of priceable-units 
5 into a collection of choices that have no further 

dependencies. There is a choice for every f aring-atom 
involved in the priceable-unit, and a choice of a 
priceable-unit-core (PU-core) . Each PU-core contains 
the same number of fares as there are faring-atom 

10 choices. In the case where there are no constraints 

between faring-atoms in different slices, PU- labels are 
a very compact representation of priceable-units, PU- 
label #1, for example, represents a total of eight 
different priceable-units. In cases where there are 

15 interactions between the faring-atoms in different 

slices, several PU- labels can be produced for a single 
PU-core. An example of several PU- labels is shown for 
the NW RT "HE7" fare represented by PU-labels numbers 3 
and 4, These priceable-unit-labels and priceable-unit- 

20 cores are used by the linking procedure 94 (FIG. 4B) to 
associate itineraries from more than one slice to fares. 

ENUMERATING COLLECTIONS OF SETS OF FARE - COMPONENTS 
Each of the f aring-markets that is passed to 
25 create-PCJs-in-jnarkets has a set of fare -components 
produced by applying fare rules procedure 88. 

Referring now to FIG. lOA, enumerating collections 
of sets of fare -component 3 202 (described by pseudo-code 
below) partitions the fare-components in each faring- 
30 market into sets such that every fare -component in a set 
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has the same fare and the same ccmbinability record-2s. 

Fare combinabili ty restrictions are specified in 
record-2s rule category 10. Any category- 10 record- 2s 
in a fare's rules is stored in the comhinability- record -2 
5 field in the fare -components . 

Once fare -components are partitioned 202a into 
sets, collections of these sets are enumerated 202b, by 
selecting one set from each f aring-market . For each 
fare there is a choice of fare - component s . At this 

10 point, when the fares within a priceable-unit have been 
fixed, any category-10 record-2s that was deferred is 
applied 202c to determine whether the fares may be used 
together in a priceable-unit. This is accomplished by 
applying 202c each fare's ccmbinability record-2 (if it 

15 has one) to every other fare within the priceable-unit. 
The code below (TABLE 22) is written for two 
f aring-markets within a priceable-unit, as would be the 
case for round-trips, open jaws and circle-trips of size 
two. Similar code would be used for priceable-units of 

20 other sizes. 

TABLE 22 
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partitlon-farB-components-into-sets(faring-markei) 
// 

// Partition fare-components into sets based on fare and combinability record-2. 
// 

Lei fare-componenl-sets = 0 

For fare-component in faring-markeLfare-components 
Let faro = fare-compon8nt.farB 

Let combinability-record-2 = fare-component combinability-fecord-2 

Let previous-set = nil 

For test-set tn fare-component-sets 

Let test-fare-oomponent = rirst(test-s6t) 
If {{fan * test-fare-component.fare) and 

(combtnabiDty-record-2 ~ test-fare-componenLcombfnablllty-record-2)) 
previsous-set = test-set 
If (previous-set = nil) 

fare-conponent-sets tist(fare-component) 

Else 

previous-set fare-component 
retum(fare-oomponent-eets) 



crBate-PUs-in-markets2(faring-mar»(et1. fartng-marKet2, exIsUng-PU-iabels, PU-type. environmental-information) 

Let fare-component-setsl = partition-fare-connponents-into-sets<faring-mar1cet1) 
Let fare-component-sets2 = partitlon-far©-components-into-sets(tiaring-mar1cet2.) 
Let PU-labeis = existing-PU-labels 

For fare-componentsl in fare-component-setsl 

For fare-component52 in fare-component-sets2 

Let fare 1 = first(fare-componentsl ).fare 
Let fare2 = fir5t(fare-components2).fara 

Let combinability-record-2-1 = flrst(fare-components1).combinability-record-2 
Let combinability-reoord-2-2 = first(fare-components2).combinability-record-2 

// Checit fare combinability requirements, by applying each fares's combinabilly 
// record-2 to all the other fares within the priceable-unrt. 

If ((combinability-record-2-1 = nil or 

apply-combinabiBty-record-2(comblnability-record-2-1 , fare2, PU-type) = pass) and 
(combinability-record-2-2 » nil or 

apply-combinability-record-2(combinability-record-2-2. fare1. PU-type) = pass)) 

PU-labds = create-PUs-frono-fare-components(list(faring-market1 . faring-marKet2). 

list(farBl, fare2). 

Iist(f3re-components1 , fare-components2), 
PLMabels, environmental-information) 

retum(PU-tabets) 



The procedure create - PUs - in-markets2 , after it has 
selected two fares and two sets of fare -components and 
verified fare combinability restrictions, calls the 
5 procedure 202d create-PUs- from- fare-components to 
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evaluate deferred rules and construct priceable-unit- 
labels and priceable-unit-cores . 

CONSTRUCTING PRICEABLE-UNITS 

5 At this stage of processing, a collection of fares 

is determined, and for each fare there is a set of fare- 
components, Priceable-units are constructed by- 
selecting one fare -component from each set and 
evaluating any deferred rules. 

10 Referring now to FIG. 11, a process 2 04 to 

enumerate collection of fare components is shown. The 
process 204 can enumerate 212 a collection of sets of 
fare -components, enumerate fare components by selecting 
one component from each set, apply or evaluate 216 any 

15 deferred rule-conditions, and return a compact 

representation 218 of the set of valid priceable-units. 

A preferred technique to accomplish this uses a 
"GET_OR_AND_OR" operation described below TABLES 24, 26 
and 27. 

20 The representation process 218 produces an OR-AND- 

OR representation of the priceable units. The process 
218 produces a set of collections of sets of fare- 
components similar to that in FIG. 20, that will later 
be transformed into priceable-unit- labels and priceable- 

25 unit-cores by processes 206 and 208 described further in 
TABLE 22. The inner sets of fare -components returned by 
get-OR'AND-OR-fonn have the same fares, surcharges, 
discounts, penalties and so on. 

The procedure 218 get-OR-AND-OR, takes a collection 
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of fare -component sets and enumerate collections of 
fare-components by selecting one from each set. It 
evaluates any deferred record-2s, and constructs a set 
of valid priceable-units. This set is transformed into 
5 a factored OR-AND-OR form, and returned. 

Referring back to FIG. 10, PU-cores and PU- labels 
are constructed 210 at process 206 and 208 from the 
output of get-OR-AND-OR process 204, The pseudo-code 
below and FIGS. 12-13 summarizes this procedure, 

10 Construction 210 iterates over the inner AND-OR form, 
producing PU-cores 206 (if no identical PU-core already 
exists) and PU-labels 208 (if no identical PU-label 
already exists) . PU-labels are produced by mapping 
fare -components to faring-atoms and PU-cores are stored 

15 on PU-labels. 



FACTORING PRICEABLE-UNITS 

Referring now to FIGs 12-15, the get'OR-AND-OR 
process 218 to construct the priceable unit 

20 representation is shown and is also described in detail 
below through pseudo-code. As shown in FIG. 12 and in 
pseudo-code in TABLE 23 below, three different high- 
level procedures are used, depending on whether 
priceable-units are one 220, two 222, or three or more 

25 224 fare-components. 



wo 00/02153 



PCT/US99/14964 



56 



TABLE 2 3 



get-OR*AND-OR(faring-markets, fare-component-sets, envtronmental-informaticn) 

Let size = length(fa ring-markets) 
If (slze-1) 

retum(get-0R-AND-0R-1 (faring-markets, fare-component-sets, envtronmentai-inforniation) 
Else If (size - 2) 

retum(get-0R-AND-0R-2(faring-niarkets, fare-component-sets, environmental-information) 

Bse 

retum(get-0R-AND-0R-3+(faring-marl(ets. fare-component-sets, environmental-information) 



Two auxiliary functions are used in the get-OR-AND- 
5 OR procedures. The first, apply-deferred-record'2s 

218a, takes a collection of fare -components (a potential 
priceable-unit) and evaluates any deferred record-2s 
they might have. In contrast to the initial stage of 
rule application, here all the fares and f aring-atoms 
10 within the priceable-unit are known. It returns either 
PASS, FAIL or DEFER (in this case, DEFER means that the 
record-2s cannot be evaluated even at the priceable-unit 
level: they involve journey-level constraints). In such 
a case the priceable-unit is not produced (TABLE 24.) 

15 

TABLE 24 



apply-deferrQd-record-2s<fare-components, environmentat-infonmation) 

Let faring-atoms = 0 
Let fares = 0 

For fara<omponent in fare-components 
fares += fare-componentfare 
faring-atoms fare-componentfarlng-atom 

For fare-component In fare-components 

For reoord-2 in fare-componentdeferr8d-record-2s 

if (apply-record-2-PU(record-2, fares, faring-atonrts, fare-componenLfaring-atom. 
environmental-information) 

<> pass 
retum(fail) 

retum(pass) 
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The second auxiliary function, partition-iare- 
components-by- surcharges 218b, (TABLE 25) takes a set of 
fare -components and partitions it into subsets that have 
the same secondary characteristics: the same surcharges, 
5 discounts, penalties, etc. 

TABLE 25 



partitiQn-fare-component3-by-3urcharges(fare-component3) 
Let partlttons = 0 

For far«-Gomponent in fare-components 
Let found-partition = false 
Let surcharges = far»<x3mponent.surcharges 
For partition in partitions 

If (flrst(partition).surcharges = surcharges) 
found-partition = true 
partition += fare-component 
If (found-partition =^ false) 

partitions += llst(fare-compcnent) 

retum(partitions) 

10 FACTORING PRICEABLE-UNITS OF SIZE ONE 

Referring now to FIG. 13, the get-OR-AND-OR 
function 230 for priceable-units of one fare -component 
(one-way priceable-units) is shown. It is passed only a 
single fare -component set 232, and applies 216 deferred 

15 record-2s. The final set of valid fare -components is 
partitioned 234 into sets with the same surcharges, 
penalties, and discounts. The partitioned sets are 
placed into the proper OR-AND-OR representation 236. 

The procedure PU-1 for a priceable unit of size 1 

20 is set out in TABLE 26. 
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TABLE 26 

G6t-OR*AND-ORO(faring-markets.far^component-sets.envtronmental-{nfon^ 

Let Valid Fare-components ^0 

For fare-oomponent In fir^Ufare-component-sets) 

If (appJy-<lefen'ed-record-2s(Hst(fare<omponent), envtronmental-information) 
valid-fare-oimponents fare-component 

LetOR-ANCK)R = 0 

For OR in partit)on-fare-cornponents-by-surchar9es(valid-fare-corTponents) 
LetANI>OR»llst(OR) 
OR-AND-OR += AND-OR 

retuni(OR-AND-OR) 



FACTORING PRICEABLE- UNITS OF SIZE TWO 

Two -component priceable-units include round-trips 

5 and two-component open- jaws and circle-trips. They are 
common and should be computed efficiently and 
represented compactly. The function get-OR-AND'OR-2 240 
efficiently computes and represents two component 
priceable units. Combinations of fare -components are 

10 * not enumerated unless it is necessary for evaluation of 
deferred record-2s. The resulting set of priceable- 
units is also represented in a compact OR-AND-OR form. 

Pseudo code for the get-OR-AWD-OR-2 procedure is 
set forth below (TABLE 27) . The process 240 enumerates 

15 priceable units 248 by selecting one fare component from 
each set. The get-OR-AND-OJ2-2 process 240 tests 
deferred record-2s and, if the test is passed, adds the 
resulting valid priceable unit to the OR-AND-OR 
representation . 

20 TABLE 27 



V 
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get-OR-ANDOR-2(faring-mamels.fara-component-sets.en\rtronmental-inforTriatlon) 
Let OR.Ar400R =« 0 

Subroutine ftnd-AND-0R(surcharges1. fare-compcnent-set2) 

// 

// Return any AND-OR from OR-AND-OR that has fare-components with surcharges surcharges 1 1n its 
// ftrst set of fare-components, and has fare-component-5et2 as its second set of fare-components. 

// 

For ANO-OR in OR-ANO-OR 

If (firet(f1rst(AND-0R)).surcharges ' surcharges! and second(AND-OR) = fare-component-set2) 
retum(ANI>OR) 

retum(nil) 

Subroutine addHjnifomt-cross-product(fare-component-set1. fare-coniponent-set2) 

// 

// Add the pricaable-units that can be had by selecting one element from fare-component*56t1 and 
// one element from fare-component-8et2. Both sets are uniform with respect to surcharges. 

// 

Let ANl>OR » find-AND-OR(flrst(fare-componant-5etl ).surcharges. fare-connponeni-set2) 
If (AND-OR s nil) 

OR-AND-OR -^^ (ist(fm-component-set1« fare-component-5et2) 

Else 

first(AND-OR) " append(first(AND-OR). fare-component-setl ) 

Subroutine add-cross-product(fare<omponent-set1, fare-comoonent-set2) 
// 

// Add the prlceabte-unlts that can be had by selecting one element from fare-component-set1 and 
// one element from fare-component-set2. 

// 

Let untform-fare-componcnt-setsl = partltion-fare-components-by-surcharges(fare-component-setl) 
Let unHbrm-fare-component-sels2 = partition-(are-componenls-by-surcharges(fare-component-set2) 
For uniform-fare-Gomponent-set1 in uniform-fare^omponent-setsl 

Forunlform-far6-component-set2 \s\ unlfbrm-fare-component-sets2 

add-uni<orm-cross-product(unif6mvfare-comporient-set1 . unifbrTTvfare-component-set2) 

Subroutine enumerate-pnceable-units(fara-component-set1. fare-component-set2) 

// 

// Enumerate priceable-units by selecting one fare-component from each seL Test defen-ed record-2s, 
// and if they pass, add the resulting priceabte-unit to the OR-AND-OR representation. 

// 

For fare-componenti in fare-component-setl 
Let valid-fare-components2 ■ 0 
For fare-companent2 in fare-component-set2 

If (apply-defenB<^record-2s(llst(farB-component1, fare-component2), envlronniental-infomiation)) 
valid-fare-connponents2 •*-= fare-component2 
If (valid-fare-componcnt32 o 0) 

add-cros9-product(tist(fafe-component1). valld-fare-camponents2) 



1^ fare-component-setl-wittwules » {} 
Lei fare-component-setl-wtthout-nites = 0 
Let fare-componefi(^et2-with-ru)e5 - 0 
Let fare-component-5et2-withoul-rules b q 

For tare-compofwnt1 In flrst (fare-corrvonent-sets) 
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If (fare-component1.deferred-record-23 = nil) 

fare-component-set1-without-ajles += fare-component1 

Else 

fare-component-set1-with-ruIes fare-component1 
For fare-coniponent2 In second(fare-component-sets) 
If (fare-component2.deferTed-feGord-2s = nil) 

fare-component-set2-without-rules += fare-component2 

Else 

fare-oomponcnt-5et2-wlth-njles += fare-component2 

// There is no need to enumerate combinatjons of fare^mponents that have no defemed rules. 
add-cros6-pnxjuct(fare-component-3etl -wtthout-rules* fare-component-set2-wjthou t-rutes ) 

// For the remainder of fare-componenb. though, explicit enumeration is necessary. 
enunf)erate-pr1oeat)le-untts(f»e-cQmpQnent-setl-with-/ijles. fare-oompanent-set2-without-rules) 
enumerat0-priceablekjnits(farB-componsnt-set1 . Pare-component-5et2*with-ajles) 

retum(OR-ANOOR) 

FACTORING PRICEABLE- UNITS OF SIZE THREE OR GREATER 

Properly enumerating all possible combinations of 
fare -components for priceable-units of size three or 
5 greater is computationally burdensome, though possible. 

Referring now to FIG, 15, a preferred procedure 260 
finds a subset of possible priceable-units. In 
particular, it extracts 262 those fare-components chat 

10 have no deferred record-2s, and build priceable-units 

from them. Since there are no deferred record-2s, there 
are no intra-priceable-unit constraints and it is 
possible to construct a factored representation. 

Priceable-units of size three or greater tend to 

15 have more deferred record-2s. This may somewhat reduce 
the effectiveness of the extracting procedure 262. The 
prevalence of deferred record- 2s rules occurs because in 
complicated journeys, time-bounds used in an initial 
rule application tend to be broadly specified. 
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At this stage of processing time bound ranges can 
be tightened, because the f aring-markets that comprise 
the priceable-unit are known. Therefore, deferred 
record- 23 can be reapplied 264 to f aring-atoms in the 
same manner that they are applied in the initial rule 
application. If all deferred record-2s pass, then the 
faring-atom is retained 266. If a record-2 fails or is 
deferred, the faring-atom is discarded. The function 
reevaluate -deferred -record -2s (TABLE 28) performs this 
filtering. It takes a set of f aring-markets and a fare- 
component set, and sets time-bounds based on the f aring- 
markets. It reevaluates deferred record-2s for each 
fare -component in the set, and returns the set of fare- 
components that have all their record-2s pass. 

TABLE 28 

reevaluatB-<lefBrrBd-record-2s(faring-markets, fare-component-set environmental-lnfomiaaon) 

set-Um©-bounds(faring-maricets) 
Let fare-oomponents = 0 

For fare-component in fare-component-set 
Let result s pass 
Let deferred-r8cord-2s = 0 
For record-2 in fare-connponenLdeferred-record-2s 
Let record-2-re8ult. recorct-2-surcharge3 = 

. apply-record-2-FC(record-2, fare-componentfartng-atom. environmentaHnformation) 
I f (record-2-result = pass) 

fare-componentsurcharges *~ recofxl-2-surcharges 
Else If (record-2-result » defer) 

deferred-reocfd-2s •»•= record-2 

Else 

result a fail 
If (result = pass) 

fare-cornponent.deferred-recofd-2s = deferred-recx)rd-2s 
fare-components fare-component 

retum(fBFe-components) 

The procedure 268 that factors priceable-units of size 
three or greater, get-0J?-AND-0i?-3 + , (TABLE 29) applies 
reeva2uate-dererred-record-2s to each set of fare- 
components, to filter them. It then partitions the 
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resulting sets based on surcharges, and takes the cross- 
product of these sets to construct the proper OR-AND-OR 
representation. The procedure for the last case does 
not return all possible valid priceable-units . 

5 

TABLE 2 9 

get-OR-AND-OR-3+(faring-markets. fare-component-sets, environmental-infonnation) 
LelOR-AND-OR = {0} 

For farB-ccmponent-set In fare-component-scts 

Let valid-fiare-components = reevatuate-<jeferred-record-2s(faring-market5, fare-component-set, 

envtronmenta Wnformation ) 

Let new-OR-AND-OR = 0 

For OR in partition-fare-components-by-surcharges^valid-fare-components) 
For previous-AND-OR in OR-ANOOR 

newOR-AND-OR += postpend(previou3-AND-OR. OR) 
OR-AND-OR = new-OR-AND-OR 

retum(OR-AND-OR) 



LINKING ITINERARIES 

Priceable-units-labels associate faring-atoms from 
10 one or more slices with fares. In the pricing-graph 
representation 38' set of pricing solutions, sets of 
priceable-unit- labels are used to link itineraries from 
different slices. 

The pricing graph representation 38' of pricing- 
15 solutions 38 is constructed by selecting a set of 

priceable-unit -labels. Each of these PU-labels may or 
may not project onto a given slice of a journey. For 
example, in a round- trip journey a round- trip priceable- 
unit-label will project onto both slices, while a one- 
20 way priceable-unit -label will project onto only one 

slice of the journey. Once a set of PU-labels has been 
chosen, in any slice any itinerary may be chosen so long 
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as it has some division that has f aring-atoms containing 
exactly the PU-labels that project onto that slice. The 
choice of itinerary is otherwise independent of choices 
made in other slices. 
5 A set of PU-labels encodes all constraints that 

exist between itineraries in different slices. This 
leads to a relatively simple procedure for constructing 
the pricing-graph. Itineraries within each slice are 
indexed by the sets of multi -slice PU-labels they can be 

10 associated with. These indices are called slice- label - 
sets, and act as a logical OR over itineraries. The 
slice-label-sets from different slices are linked by 
matching PU-labels. 

Single-slice (one-way) priceable-unit-labels are 

15 treated somewhat differently than multi-slice priceable- 
unit-labels to enhance efficiency. In particular, there 
is no need to include single-slice PU-labels in slice- 
label -sets, because they do not need to be matched 
across slices. Rather, single-slice PU-labels are 

20 attached closely to itineraries in the pricing-graph. 
That is, within a slice-label-set, each itinerary is 
associated with a compact representation of the set of 
single-slice PU-labels that can be used with the 
itinerary, given that the multi-slice PU-labels found 

25 within the slice-label-set are also used. 

The linking process constructs slice-label-sets 
with each slice-label-set being a set of multi-slice PU- 
labels and associated itinerary divisions. Slice-label- 
sets group itineraries by multi-slice PU-labels. Each 
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division has associated with it a set of single-slice 
PU-labels. 

In the pricing-graph, slice-label-sets act as ORs 
over itineraries. Multi-slice PU-labels encapsulate 
5 information concerning the itinerary to permit the 

linking process to operate over slice-label -sets rather 
than individual itineraries. This approval is 
computationally efficient and results in small pricing- 
graphs. In each slice-label-set, each itinerary 

10 (division) is paired with a set of single-slice PU- 
labels. During construction of the pricing graph, each 
slice-label-set is transformed into an OR over AND s of 
itineraries and sets of PU-labels. 

The linking process also connects or links slice- 

15 label-sets from different slices, as shown in FIG. 16, 
Connecting is accomplished by starting from the first 
slice and working forward to the last slice. 
Intermediate results are summarized in open-label -sets . 
Each open- label -set is a set of (multi-slice) PU-labels 

20 that project onto slices that have not been processed, 
along with a set of backward- links that are each a pair 
of a slice-label-set and an open-label -set from the 
previous slice. Processing starts with a single, empty 
slice-0 open-label-set 288, Slice-label-sets from slice 

25 1 are "added** 290 to this open- label- set , resulting in 

new slice-1 open- label- sets . Then slice-label-sets from 
slice-2 are added to these, resulting in slice-2 open- 
label -sets, and so on. As this process continues, PU- 
labels that are complete 292 (i.e., that do not project 
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to subsequent slices) are removed 293 from open-label- 
sets. If any pricing-solutions exist, the process will 
terminate 300 in a single, empty, last-slice open-label- 
set. At that point, the backward- links serve as the 
5 top-level representation of the pricing-graph, 

Set forth below is an example of the linking 
process. This example assumes a three-slice circle- trip 
journey, from BOS to MSP to MIA. In the following 
discussion, PU-labels are identified by a unique letter 

10 followed by a sequence of digits that indicate which 

slices the PU-label projects onto. For example, A-23 is 
a two-component PU-label that projects onto the second 
and third slices. Each itinerary may have several 
divisions, and each division may have many possible 

15 collections of PU-labels (with each collection built by 
selecting one PU-label per faring-atom in the division) . 

At this stage of processing in the faring process 
18 divisions have been produced for each itinerary, each 
division comprising a set of f aring-atoms . PU-labels 

20 have been constructed, and stored in each faring-atom. 
From this information it is possible to enumerate for 
every division, possible collections of PU-labels, by 
selecting one for each faring-atom. TABLE 3 0 below 
summarizes the result of this procedure, for the example 

25 journey. Each possible collection of PU-labels is 

partitioned into those that project onto only one slice 
(one-way priceable-units) and those that project onto 
more than one- slice. In this table, divisions are 
encoded using the endpoints of f aring-atoms, to save 
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space, and each itinerary and division are given numeric 
labels so that they can be referenced in the rest of the 
discussion. 



TABLE 30 





licc ItLncLWi'v 


division 






1 


1.1 BOS-MSP UA123 


1.1.1 BOS-MSP 


(A-123} 


{} 








IF- 13 J 


0 








{) 


{i-D 


1 


I 3 B09-*mT MWll ^ PHT MQP 
X • A o\JO V»nx Sin O XS \mnX rlO tr 

UA739 


l.^.X oUa-*mbr; 
PWT-MCD 


VD"XJ \m X^ J 


/ I 
I / 








/ Q - 1 *} I 

\ o~ A J ; 


(H-X) 










(G-i; 








{} 


{G-1 H-1} 


1 


^ • J I'lOtr \m\J'9 3 u 


1. > J . i. UVJo—Moir 


\ S 




2 


2 . 1 MSP-MIA UA901 


2.1.1 MSP-MIA 


(A-123) 


I / 








{} 


{K-2) 


2 


2.2 MSP-CHI UA623 CHI_MIA 
UA841 


2.2.1 MSP-MIA 


{A-123} 


{} 








{) 


{K-2) 






2.2.2 MSP-CHI; 
CHI -MIA 


(C-12 D-23) 


{) 








{C-12) 


{M-2) 








{D-23} 


{L-2) 








{) 


{L-2 M-2} 


2 


2.3 MSP-MIA FL207 


2.3.1 MSP-MIA 


{E-23} 


{) 


3 


3.1 MIA-BOS UA112 


3.1.1 MIA-BOS 


{A-123} 


{) 


3 


3.2 MIA-CHI UA487 CHI-BOS 
NW316 


3.2.1 MIA-CHI; 
CHI -BOS 


{D-23 B-13) 


{) 








{D-23} 


{0-3} 








{B-13} 


{N-3} 








W 


{N-3 0-3) 


3 


3.3 MIA-MSP FL208 MSP-BOS 
UASSa 


3.3.1 MIA-MSP; 
MSP- BOS 


(E22 F13) 


{) 








{E23) 


{P-3) 



As TABLE 30 above shows, there are three different 
itineraries for each slice. Each itinerary is split 
into one or two divisions of f aring-atoms . Each 
division has one or several possible PU- label 
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combinations. For example, for the second division of 
the second slice-2 itinerary (2.2.2) chere are four 
different PU-label sets. This is because the division 
has two f aring-atoms, and each faring-atom has two 
5 possible PU-labels. For reference, the table below 

lists each hypothetical PU-labei along with its faring- 
markets . 



10 TABLE 31 



Ka-.tie 


r a r i 1 ly - Ma r ke t y 




A- 123 


1: UA BOS-MSP 


2: UA 
MSP-MIA 


3 : UA MIA-BOS 


3 -Component 
Circle Trip 


B-13 


1: NW BOS-CHI 




3: NW CHI-BOS 


Round Trip 


C-12 


1: UA CHI -MSP 


2: UA 
CHI-MSP 




Round Trip 


D-23 




2: UA 
CHI-MIA 


3 : UA MIA-CHI 


Round Trip 


E-23 




2: FL 
MSP-MIA 


3 : FL MIA-MSP 


Round Trip 


F-13 


1: UA BOS-MSP 




3 : UA MSP-BOS 


Round Trip 


G-1 


1: NW BOS_CHI 






One Way 


H-1 


1: UA CHI -MSP 






One Way 


I-l 


1: UA BOS-MSP 






One Way 


J-1 


1: CO BOS-MSP 






One Way 


K-2 




2: UA 
MSP-MIA 




One Way 


L-2 




2: UA 
MSP-CHI 




One Way 


M-2 




2: UA 
CHI-MIA 




One Way 


N-3 






3 : UA MIA-CHI 


One Way 


0-3 






3: NW CHI -BOS 


One Way 


P-3 






3 : UA MSP-BOS 


One Way 



TABLE 32 below lists slice-label-sets that are 
15 produced in this example, and as with itineraries and 
itinerary divisions, the faring process assigns each a 
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numerical label. Many itineraries may be grouped into 
the same slice- label- set . For example, there are three 
different itinerary divisions that are grouped into 
slice-label-set 1.3. TABLE 30 lists, for each slice- 
5 label-set, its backward-projection. This is the set of 
multi-slice PU-labels that project onto previous slices. 

TABLE 32 





Mulci -Slice 


ic iiiorar 


division 


Jingle -tliice: 




1 


1.1 \ A* 1^ J / 


1.1 


1.1.1 


\ 1 


/ \ 
\ / 


1 


1.2 {F-13} 


1.1 


1.1.1 


{) 


{) 


1 


1.3 {} 


1.1 


1.1.1 


(1-1} 


{) 






1.2 


1.2.1 


(0-1 H-l) 








1.3 


1.3.1 


(J-1) 




1 


1.4 {B-13 C- 
12} 


1.2 


1.2.1 


{) 


{) 


1 


1.5 {B-12) 


1.2 


1.2.1 


{H-l} 


{) 


1 


1.6 {C-12y 


1.2 


1.2.1 


{G-1} 


{} 


2 


2.1 {A- 123} 


2.1 


2.1.1 


{) 


{A-123} 






2.2 


2.2.1 


{) 




2 


2.2 {} 


2.1 


2.1.1 


{K-2} 


{) 






2.2 


2.2.2 


(L-2 M-2} 




2 


2.3 {C-12 D- 
23) 


2.2 


2.2.2 


{) 


{C-12) 


2 


2.4 {C-12} 


2.2 


2.2.2 


(M-2} 


{C-12) 


2 


2.5 {D-23} 


2.2 


2.2.2 


(L-2) 


{} 


2 


2.6 {E-23) 


2.3 


2.3.1 


{} 


{} 


3 


3.1 {A-123) 


3.1 


3.1.1 


{) 


{A-123} 


3 


3.2 {D-23 B- 
13} 


3.2 


3.2.1 


{} 


{D-23 B- 
13} 


3 


3.3 {D-23) 


3.2 


3.2.1 


(0-3} 


{D-23} 


3 


3.4 {B-13) 


3.2 


3.2.1 


{N-3} 


(B-13} 


3 


3.5 {) 


3.2 


3.2.1 


{N-3 0-3} 


i) 


3 


3.6 {E23 F13) 


3.3 


3.3.1 


{} 


(E-23 F- 
13} 


3 


3.7 {E23} 


3.3 


3.3.1 


{P-3} 


(E-23} 



Shown in the TABLE 33 below are lists for each 
slice of the open-label-sets, as well as their backward- 
links and their next-slice-projection. This last field 
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is the subset of open PU- labels that project onto the 
subsequent slice. It is equal to the backward- 
projection of any slice-label-set that is part of a 
backward- link to the open- label -set . 



TABLE 33 



I'.'e Opf-n- Label -SeL 


Projec::ir'n 


Bd'jk'.vdra- Link 
£lice-L3:::el-ScL 


Op-n Lolvil 


0 


0.1 {} 


{} 






1 


1.1 (A-123} 


{A-123} 


1.1 {A-123} 


0.1 {} 


1 


1.2 {F-13) 


{} 


1.2 {F-13) 


0.1 {} 


1 


1.3 {} 


{} 


1.3 {) 


0.1 {} 


1 


1.4 {B-13 0-12} 


{C-12} 


1.4 {B-13 C-12} 


0.1 {} 


1 


1.5 {B-131 




1.5 {B-13) 


0.1 ( > 


1 


1.6 {C-12) 


{C-12) 


1.6 {C-12} 


0.1 {) 


2 


2.1 {A-123} 


{A-123) 


2.1 {A-123} 


1.1 {A-123) 


2 


2.2 {} 


{} 


2.2 {) 


1.1 {) 


2 


2.3 {D-23} 


{D-23) 


2.3 {C-12 D-23) 


1.6 {c-12) 








2.5 {D^23) 


1.3 {} 


2 


2.4 {E-23} 


{E-23) 


2.6 {B-23} 


1.3 {) 


2 


2.5 {D-23 F-13) 


{D-23 F-13) 


2.5 {D-23} 


1.2 {F-13) 


2 


2.6 {B-23 F-13} 


{E-23 F-13} 


2.6 {E-23} 


1.2 {F-13) 


2 


2.7 {F-13} 


{F-13) 


2.2 {) 


1.2 {F-13) 


2 


2.8 {D-23 B-13} 


(D-23 B-13) 


2.3 {C-12 D-23} 


1.4 {B-13 C- 
12) 








2.5 {D-23} 


1.5 {B-13) 


2 


2.9 {E-23 B-13) 


{E-23 B-13} 


2.6 {E-23) 


1.5 {B-13) 


2 


2.10 {B-13} 


{B-13) 


2.4 {C-12} 


1.4 {B-13 C- 
12} 








2.2 {} 


1.5 {B-13} 


3 


3.1 {) 


{} 


3.1 {A-123) 


2.1 {A-123) 








3.5 {) 


2.2 {} 








3.3 {D-23) 


2.3 {D-23) 








3.7 {E-23) 


2.4 {E-23) 








3.6 {E-23 F-13} 


2.6 {e-23 F- 
13} 








3.2 {D-23 B-13} 


2.8 {D-23 B- 
13) 








3.4 {B-13) 


2.10 {B-13} 



Each open- label -set contains a set of PU- labels 
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that are still "open", i.e., project onto a subsequent 
slice. For example, the PU- label C-12 does not appear 
in open-label-secs from slice 2 or slice 3. In the 
pricing-graph, each open-label-set will be translated 
5 into an OR over the backward- 1 inks . The backward- links 
represent paths that lead to the open-label-set. Each 
is a pair (an AND) of a slice-label-set with an open- 
label-set from the previous slice. Because TABLE 33 is 
consistent, the backward-projection of any slice- label- 

10 set in a link is equal to the next -slice-projection of 
the open-label -set in the link. Furthermore, the PU- 
labels in each open-label -set can be constructed by 
selecting any backward- link, taking the union of the PU- 
labels in the link's open-label-set and slice-label-set, 

15 and removing any PU- labels that do not project forward. 

If there is an empty open- label -set for the last 
slice, then pricing-solutions exist. This open-label- 
set provides the "root" of the pricing-graph, a node that 
has a child for every link. Each of these links will 

20 become an AND of the slice-label -set and the previous 
open- label- set . In this way open- label -sets and slice- 
label-sets are used to produce the pricing-graph. 

FARE-COMBINABILITY RESTRICTIONS 
25 The linking procedure described above assumes that 

there are no restrictions on the mixing of priceable- 
unit-labels other than those imposed by itineraries. 
This is not always the case. For example, although the 
various create-Pl7s -in -markets procedures described above 
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apply f are-combinability checks, chose checks include 
only restrictions on the fares that may coexist within a 
priceable-unit . These checks include ATPCO categories 
101, 102 and 103, but not category 104. The category- 10 
5 record-2s that are stored on fare- components may also 
include so called "end-on-end" f are-combinability 
restrictions. These restrictions constrain the fares 
within other priceable-units . One example of such an 
end-on-end f are-combinability constraint is that all 

10 fares within an entire journey must be published by the 
same airline as the fare with the constraint. 

Cross-priceable-unit constraints such as end-on-end 
f are-combinability restrictions complicate the process 
of finding valid fares for itineraries. In general 

15 cross-priceable unit constrains can be very expensive to 
evaluate. These constraints can often be efficiently 
evaluated during the process that links the set of valid 
fares to the sets of flights to form a pricing solution. 
Below, an efficient approach for evaluating many common 

20 end-on-end f are-combinability restrictions is described. 
First, priceable-unit- labels are constructed in 
such a manner that all priceable-unit -cores within them 
share the same end-on-end combinability restrictions. 
This is reflected in the procedure partition- fare- 

25 cojnponents-into-sets, described previously. During the 
linking process each priceable-unit -label end-on-end 
f are-combinability restriction is applied to the fares 
in other priceable-unit- labels . This happens during the 
initial stage of the linking process, in the execution 
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of create-slice-label-sets . Create- si ice -label -sets 
iterates over itinerary divisions, and for each 
division, iterates in an inner loop over covering sets 
of priceable-unit- labels. In this inner loop an end-to- 
5 end f are-combinability restriction attached to one 

priceable-unit- label in the set can be applied to fares 
in other priceable-unit -labels within the set. If the 
restriction fails, the set of priceable-unit -labels is 
rejected. 

10 For this procedure it is desirable that every 

priceable-unit-label containing an end-on-end 
restriction projects onto all the slices that the 
restriction needs to be checked against. Some 
restrictions may only need to be checked against fares 
15 adjacent to the fare -component or priceable-unit 

containing the restriction, while others may need to be 
applied to every other priceable-unit in the entire 
journey. Hence, if a priceable-unit-label projects onto 
every slice, then its end-on-end restrictions can be 
^ 20 applied to every other priceable-unit-label in a 
potential pricing-solution. 

But, if a priceable-unit-label projects onto only 
one slice (as a one-way priceable-unit-label would) 
while its restriction must be applied to priceable-units 
25 from several slices, then the restriction cannot be 

applied using the method described here. In such a case 
there are several options available. One is to reject 
the set of priceable-unit -labels currently under 
consideration. Another is to accept it, but mark it as 
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potentially requiring that any solu-ion containing it 
must be split into several journeys (a "split ticket") . 

When a combinability record-2 is applied in this 
manner, the information available to it at any one time 
5 is a set of priceable-unit-labels that collectively 
cover a division of an itinerary (one of these 
priceable-unit-labels contains the source record-2) . 
Each of these priceable-unit-labels reference one or 
more priceable-unit-cores , each of which in turn 

10 references one or more fares. It is these fares that 
are validated by the combinability record-2. It may be 
that some priceable-unit -cores from within a priceable- 
unit-label pass, while others fail. Several options are 
available in this ambiguous case: a new priceable-unit - 

15 label can be generated, referencing only those 

priceable-unit-cores that pass, or the entire priceable- 
unit -label can be rejected. The second is the more 
efficient option, though it may cause some valid 
pricing-solutions to be unnecessarily rejected. 

20 

CONSTRUCTING SLICE- LABEL- SETS 

Slice- label -sets are constructed during the process 
of producing open-label -sets 282, by the pseudo-code 
given below (TABLE 34) . This code is passed the set of 
25 itineraries for a slice. 

For each itinerary and each division within that 
itinerary, all possible sets of PU-labels are 
enumerated. Each set is partitioned into a set of 
multi-slice PU-labels and a set of single-slice PU- 
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labels. A unique slice-label-sec is produced for each 
collection of multi-slice PU-labels. Within the slice- 
label-set are stored itinerary- label -holders . Each of 
these pairs an itinerary with a set of division-label- 
holders. Each division-label -holder pairs an itinerary 
division with a set of sets of single-slice PU-labels. 



TABLE 34 



create-slice-label-set5(itinerahes) 

Subroutine divjS(on-PLMabei-5ets(divjsion) 
// 

// Return a list of all the possible sets of PU-labels for this division. 
// 

Let PLMabel*set5 - { 0 } 
For fahng-atom in divrston 

Let new-PU-label-sets = 0 

For PU-lat)el in faring-atom.pdceable-unlt-labels 

For prevfous-PU-labe>-set in previous-PU-labe^sets 

new-PU-lal)el-sets += postpend(previous-PU-label-set, PlWabe*) 
PU-label-sets = new*PU-label-sets 
retum(PU-label-set3) 

Let stice-label-sets = 0 

For itinerary in ttinerahes 

For division in itinerary.divisions 

For PU-labels in division-PU-label-sets(division) 

Let multi-slic8-PU-labels = multi-siice-PU-labels{PU-labeis) 
Let single-stice-PU-tabels = singte-5lice-PU-labels(PU-labels) 

Let sllce-label-set = find(rrulti-sllce-PU'labels. slice-tabel-sets) 
If (slic8-tabel-set = nil) 

siice-label-set » new-slice-label-set() 

s)tce-labeUsetmuiti-slice-PU-labels = mult)-sllC8-PU-4abels 

slica-labet-setdivision-single-slice-labels = 0 
Let itinerary-labeWYOlder » flnd(itinerary. slice-label-set.itinerafy-(abel-holders) 
If (itinerary-labeMvolder » nil) 

itinerary-label-holder = new-itinerary-tabel-tiokJerO 

itinerary-label-holder.itinerary = itinerary 

itinerary-lat>eI-hotder.divi3ion-label-holders = 0 

siioe-label-setltlnerary-iabel-holders itinerary-label-holder 
Let division-label-holder = find(division, itinerar/-label-holder.division-iabel-holders) 
If (division-tabel-holder » nil) 

divisiofMabel-holder = new-divlslon-labeI-holder() 

division-tabel-hoiderdiviston = division 

division-lal>el-hoider.single-3lice-labei-3et3 = 0 

itlnerary-label-holder.divlsloin-label-hotders dtvision-label-holder 
division-label-holdef.single-siice-label-sets += single-slice-PU-labete 



retum(stice-label-sets) 
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CONSTRUCTING OPEN- LABEL -SETS 

Open-label-sets are conscrucced slice-by-slice, 
starting from a single, empty open- label- set . For each 
slice; uhe first step is to produce slice-label-sets 
5 using the procedure described above and enumerate the 
current set of open-label-sets. For each open-label- 
set, the projection into the next slice is computed. 
All slice- label -sets with backward-projections equal to 
that next-slice-projection are used to create a new set 
10 of open multi -slice priceable-unit -labels , and from this 
a new open-labei-sec is produced. The pseudo code below 
in TABLE 35 describes this. 



TABLE 35 

l{nMtineraries(itjnerary-sets) 

Subroutine projection(PUJabels, snce*number) 

// 

// Return mose PU-labeis tnat project onto this slice 
// 

Let result » Q 

ror PU-tabel in PU-labels 

If (find(sUce*n umber, PU-label.siice-numoers)) 
result += PU-label 

retum(resuit) 

Subroutine backward-projectiontPU -labels . slice^numberi 

// 

// Return those PU-labeis that project onto a previous slice. 

Let result » Q 

For PU-label in PU-labels 

if (find-4f-less-ihan(slice-number. PU-label.siice-nunnoers)) 
result PU-label 

return(re8ult) 

Subroutlne^forwarcH)rajection(PU-labeis.slice^umber) 

// Return those PU-labels that project onto a subseauent slice. 

Let result s q 

For PU-label in PU-tabels 

If (find-if-greaier.than(slice-number. PU-label.slice-numders)) 
result PU-label 

retumtresult) 

Let initial -operv4abet-set « new-opef>-label-set<) 
initial-opwHabel^et.ooen-PU-labets = 0 
initial-open-lahel-set.baci5ward-linKs = 0 
Let open-iabel-sets = fist{initlal-open-iabel-set) 
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Let open-PU-labels = oDen-^abel-3eLopen-PU-labels 

Let next-3liceH)fO}ection = projection(open-PU-labels, slice-number) 

For Slice-label-set in slice-tabet*S6ts 

Let stice-PU-tabels » slice-tabei-setmulti-slice-PU-labels 

If (next-siice-proiection = bacKward-proieciion(siice^U-<ab€ts. slice-number)) 

Let new-open-PLMabels = fonward-projectJon(union(siic8-PU-<abels, open-PU-labeis). 

slice-numoer) 

Let new-open-iabe*-set = find(new-open-PU4abeis. newoperwabei-sets) 

If (new-oper>-tabe^et s nil) 

new-open-label-set ■ new-open-labet-set() 
new-open-tabel-sei.open-PU-labeis = new-opervPU-iabels 
new-open-label-setbackwanMinks = 0 

Let backward-link = new-badcwarcMink() 

backward-linksiice-iabel-set » slice-^kset 

backwart!-llnK.open-»abel-set = open-labe*-set 

new-open-label-setbacicward-links ♦= badcwarb-Hnk 

open-label-sets » new-open-tabel-sets 
slice-number ♦= i 

If (open-iabei-sets = 0) 
retum(nii) 

Else 

// Return the root ooen-iabe*-sei. 
retum(rirst(oper>-label-5ets)) 



PRICING GRAPH 

Referring now to ?IG. 17, a pricing graph 38' (FIG. 
3) is produced containing logically combinable nodes 
that can be used co efficiently and compactly represent 
a set of pricing solutions 38 (FIG. 1) . The pricing 
graph 38' as used herein is a so-called directed acyclic 
graph although other types of representations could be 
used. For example, a grammar could be used. 

The pricing graph 38' is constructed 300 from data 
structures 3 02 (summarized below in TABLE 3 6 and 
mentioned in conjunction with FIGS. 4A-4B) provided 
during the preceding processes. The data strucnures 
convert 304 to one or more nodes in the pricing graph. 
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The open- label -set data structure becomes an OR node and 
its children are the converted versions of its backward 

links. Each backward link in the open label set is 
converted to an AND node. If a pricing object is 
shared, for example, a priceable unit core is shared 
between several priceable unit labels, then its 
counterpart nodes in the pricing graph will be shared so 
that the size of the pricing graph is not unnecessarily 
enlarged. The converted nodes are placed 3 06 in the 
pricing graph nodes. Terminal objects such as fares and 
itineraries undergo essentially no conversion. They are 
placed 3 08 into special terminal nodes with no children 
and are obtained from the various data structures that 
have the pricing objects. 

TABLE 36 



nara-St:rucr.Mre. Type 


Type 


Child Fields | 


Open- label -set 


OR 


backward- links (each a backward- link) . 


Backward- link 


AND 


open- label -set (an open- label -set) . 
slice-labeX-set (a alice-label-set) . 


slice-iabel-set 


AND 
(OR) 


multi'3lice-PU-label3 (each a 
priceable-unit- label) . 
itinerary- label 'holders (each an 
itinerary- label -holder ) . 
The itinerary- label -holders are put 
into an OR and the OR is placed under 
the AND, which also includes all 
multi-slice- PU-labels. 


I t ine r a ry - 1 abe 1 - 
holder 


AND 

(OR) 


itinerary (an itinerary) . 
dlvlsion-IaJbel -holders (each a 
division- label -holder) . 
The division- label-holders are put 
into an OR and the OR is placed in an 
AND with the itinerary. 


Division -label -holder 


OR 

(AND) 


singl e- slice- PU- label - se ts 
(each a set of sets of PU-labels) . 
The inner sees are put into ANDs. and 
these are all embedded under an OR. 


Priceable-unlt- label 


OR 


priceable -unit- cores (each a 
priceable-unit-core) . 


Priceable-unit-core 


AND 


fares (each a fare) . 
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surcharges (each a surcharge » penal cy, 
discount, etc.) 


Fares 


Term 




Itinerary 


Term 




Surcharge 


Term 





In cases where a node has only one child, there is 
no need to produce the node. Rather, a direct link can 
be passed to its child. This does not alter the 
5 interpretation of the pricing -graph, but can result in a 
smaller graph. 

The pseudo-code below TABLE 37 summarizes 
construction of the pricing graph, given the "root" open- 
label-set that is the output of the linking process. 

10 

TABLE 37 



create*pric)ng-Qraph(root-obiect) 
Let fxxles = 0 

Subroutine conveft-object(ob^ct} 

// Convert the obiect and cache the result, so that nodes with muliipte parents are shared 
Let node = find<object nodes) 
tr (node s nil) 

node ■ convert(obiBct) 
nodes node 
retum(node) 

Subroutine convert-objects (objects) 

// Convert the set of objects and return a set of nodes. 

Let result ■{} 

For obiect tn objects 

result converfrcbjecHobject) 
retum(resutt) 

Subroutine create-node(childrBn. type) 

// Create a node of type type with children children. If there is more than one child. 
// otherwise the node Is unnecessary^ and the only child Is returned. 
If (length<children)s 1) 

retum(first(chiid) 

Else 

Let node «new-nodeO 
node.type » type 
node.children » children 
node.terminal-object ^ nit 
retum(node) 
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TABLE 3 7 (CONT. ) 

Subroutine oonvert(ot3}ea) 

Let object-typo a iype(ob}ect) 

if (type ° open-4abet-set) 

relum(crcate-node<oonv«rt-oBiect3(obiecLbackwart-(inks). OR)) 

Bs9 If (type 3 backward-link) 

fetuni(creatfr^yxle{Hst(convert^bject(obiect5iice-iabel-set). conveft-ob|ect(o6iocLopen-label-sat)). AND) 

Else If (type » sUoe4abe^t| 

Let children « convert-objects(cbjectjmjlt»-sllce-PU-labela) 

cftiWrBn creat»-node<convert-objects<obiectitin«afy-iaceWioidBrs), OR) 

raaim(creac»-iK)de(chitdren. AND)) 
Qse If (type « Ftinerary-4abel-hotder> 

Let Children » conveft-obiects(objecLdivision-4abe^ders) 

chiklren ♦«creat»-node<canvert-objects(obtecUtinerary). OR) 

ralum(cr«ate-<iode(childrBn, ANO)) 
Bse If (type - divislon-labeMiolder) 

Letchttdrm«{} 

For singtMtiCB-PlMabef-set in abtectjinQte-stjca^U*label-sets 

chidren aeate^ode<convert-obiects(sing!e^iice-PU-Iabel-set), AND) 
retum(create-node<chUdren. OR)) 
Sse If (t/po " piiceableHjnit-label) 

reten(create-node(convert-cbiects(obiect^riceable-unrt-cofes). OR) 

Else If (type ■ priceable-unit-CQre) 

rBtum(creatB-node(append(conveft-objects<obiect.fares), convert-objects(obiect5urchar5es)), AND) 

Else // object is a terminal. 

node ■ neMHiode<) 
nodo.type « terminal 
node.chitdren » Q 
node-temUnal-object = object 
ratum(node) 

retum(connvert<}bject(root-ob|ect)) 

The pricing graph 38' resulting from the search 
procedure 54 provides a compact way for representing a 
very large number of set of pricing solutions. By the 
above process, it is often possible to obtain a very 
large number of pricing solution components. Although 
the number of pricing solutions can be returned in the 
form of a simple list, this is not desirable. A very 
large number of pricing solutions can be difficult to 
manipulate, enumerate and interrogate and to 
transfer/ transmit across a network since the amount of 
data involved is very large. The pricing graph 38* 
provides a more compact way of representing these 
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pricing solutions. The compact representation of the 
range of set of pricing solutions is generated where 
choices are represented explicitly and redundancy is 
removed wherever possible. 
5 As mentioned above, the pricing graph 38' produced 

by the search procedure 54 includes three types of 
nodes. The first type of node is a node that represents 
choices called "LOGICAL OR" nodes. The second type of 
node is a node that represents collections referred to 

10 as "LOGICAL AND" nodes. A third type of node represented 
in the pricing graph is a terminal node that represents 
pricing objects. 

A data structure representation (TABLE 38) of the 
nodes is set out below. Each node contains a "type", 

15 which specifies whether the node is an AND node, an OR 
node or a terminal node. The data structure also 
contains either list of children (if the node is an AND 
node or an OR node) or a terminal object (if the node is 
a terminal) . The node contains fields that store values 

20 used by algorithms that manipulate the pricing graph 
3 8 » . 

TABLE 3 8 



Mode fields 


Use 1 


Type 


Either AND, OR or TERMINAL 


Children 


A list of child-nodes, if node is AND or OR. 


Terminal - ob j ect 


A terminal -object such as a fare or itinerary, if 
the node is TERMINAL. 


Active? 


True or false, depending on whether the node is 
active. 


inner-value 


The node's raininium possible inner-value. 


outer -value 


The node's minimum possible outer- value. 


total -value 


The node's minimum possible cotal -value. 


best-child 


For OR-nodes, the child with the least-poaitive 
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I I inner-value. [ 

As mentioned above, the pricing graph 38' is a 
compact representation of a set of set of pricing 
solutions. The typical number cf set of pricing 
5 solutions represented by pricing graph ranges from tens 
of millions into hundreds of billions with the number of 
nodes in the graph ranging from thousands to tens of 
thousands. The pricing graph can be easily stored 
and/or transmitted over a network or other connection to 
10 a client and represents complete representation of all 
or substantially all of possible pricing solutions. 
Therefore, the pricing graph 38' can be used by a smart 
client without further intervention from the server 12. 

15 MANIPULATING THE PRICING-GRAPH 

Referring now to FIG. 18, a high level illustration 
of a process 300 that operates on the pricing graph 38' 
typically as a client process 36 on the client computer 
system is shown. The process 300 includes a user query 

20 302 that passes parameters into a process 3 04 and a 

value function 306 to extract from the pricing graph 38' 
certain pricing solutions 3 08 that satisfy parameters 
specified by the user query 302. The extracted pricing 
solutions are returned as a list 308 or other 

25 ^representation. Generally the pricing solutions are 
displayed on the display 40. Display software 309 
handles production of GUI's 41 to present the 
information. 

The pricing solution list 308 will contain pricing 
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solutions extracted trorn the pricing graph 38' in 
accordance with user specified parameters from the user 
query 302 using one of the processes 304 and one of the 
value functions 306. 
5 Referring now to FIG. 19, illustrative processes 

are shown. In particular, in response to the user query 
302, one of the processes is executed. The processes 
304 can comprise a find best "value" and pricing 
solutions associated with the value (e.g., price) 

10 process 3 04a; find best "value" and pricing solutions 
associated with the value for "node" (e.g., find best 
price for a particular itinerary) process 304b; an 
enumeration for "N" pricing solutions 3 04c; or an 
enumeration process that lists the pricing solutions 

15 according to some "value." Additional enumeration 
processes can be provided to produce query results 
corresponding to different ways of looking at pricing 
solutions extracted from the pricing graph 38'. A node 
invalidating process 304e that invalidates selected 

20 nodes from contributing to a pricing solution is also 
included. 

Examples of each of these processes are set forth 
below. 

Efficient algorithms 3 04 are used for manipulating 
25 this representation. to extract information of interest 
cOid to enumerate set of pricing solutions from the 
structure. For example, it is possible to quickly 
extract the cheapest solution; to find the cheapest 
solution involving selected fares and itineraries; to 
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verify whether any pricing soiucion remains if specific 
fares or itineraries are excluded; to enumerate 
solutions under various orderings and so forth. 
Furthermore, the representation is compact enough so 
5 that it can be efficiently stored and transmitted such 
as from the server to the client. One benefit, 
therefore, is that after a single fare search 54 in the 
server process 16, the server process 16 transfers the 
pricing graph 38 to the client process 36. The client 
10 process 36 can examine and manipulate the large space of 
pricing solutions represented in the pricing graph 38' 
without further interaction with the server process 18. 

For the set of pricing solutions represented by the 
pricing graph 38* to be useful, processes are provided 
15 to extract pricing solutions from the graph and 

manipulate the set of pricing solutions, as depicted in 
FIG. 19. In general, each of the enumeration processes 
to be described operate on the pricing graph to extract 
pricing solutions from the pricing graph according to 
20 particular criteria that can be set, for example, by a 
client system 30c (FIG. 2) in response to a user query 
48 (FIG, 4) . Examples of user queries as well as a 
display representation for information extxa^ced from 
the pricing graph will be described below. 
25 An example of an enumeration function enumerates 

pricing solutions in a specific order. For example, an 
enumeration function can enumerate the 100 cheapest 
pricing solutions represented by the pricing graph 38'. 
A second enumeration function can find extreme points 
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of the set of pricing solutions. This can be used, for 
example, to find the most convenient pricing solution. 
In addition, a value function can specify a minimum 
value of some value over the sec of pricing solutions 
5 that involve a particular node. One value function 
finds for each itinerary the cheapest pricing solution 
that involves that itinerary or the shortest total 
duration of any pricing solution that involves that 
itinerary. 

10 In addition, each of the above operations can be 

performed on a subset of the graph. For example, it may 
be desirable to enumerate the 100 cheapest solutions 
that involve a given itinerary or finding the most 
convenient solution that involves only refundable fares 

15 or includes only certain airlines or excludes certain 
airlines. 

VALUE FUNCTIONS 

Referring now to FIG. 19, many processes or 

20 operations on the pricing graph 38' use a value- 
function, a function that operates on the terminal nodes 
of the pricing graph 38' and returns a numerical value 
chat can be used to rank pricing- solutions . Examples of 
value-functions include price computed by summing the 

25 prices of fares (and penalties and surcharges) in a 

pricing-solution, duration, or convenience (that might 
be a mix of total travel-time with penalties for stops 
and airline -changes, for example), or mixes of each. 
Many of the processes used to manipulate the 
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pricing graph 38' depend on a value-f unccion being 
decomposable into the sum of a second function that is 
applied to individual terminal nodes in the pricing- 
graph. The "price value function" meets this 
5 requirement, because the total price of a pricing- 
solution is equal to the sum of the prices of fares. 
Many expressions of convenience also meet this 
requirement, including those that can be computed as the 
sum of a function applied to individual itineraries. 

10 However, there are some value-f unctions that cannot be 
placed into this form. An example is a "convenience" 
function that checks whether travel in different slices 
is on the same airline. Such a function depends on all 
itineraries at once. 

15 In general, in the discussion below, the term node- 

value- function is used to refer to a function that is 
applied to individual nodes in the pricing-graph, and 
summed to produce the value of an entire itinerary. The 
term value-function is used for the more general case of 

20 a function that may or may not be decomposable into the 
sum of a node -value -function applied to each terminal in 
the pricing -graph. 

FINDING THE BEST PRICING SOLUTION 
25 The first process 304a is an example of one that 

finds extreme points of the set of pricing- solutions , 
such as the cheapest pricing-solution. 

Assuming that it is desired to find a pricing- 
solution that minimizes some value-f unction that can be 
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decomposed into a node-value- function F, the best 
pricing solution could be found by enumerating all 
pricing-solutions and applying F to each of them. This 
is impractical because of the large number of set of 
5 pricing solutions . 

The Best Price algorithm 304a efficiently finds the 
cheapest (best) price by starting at the "bottom" of the 
pricing-graph 38' and constructing the best solution for 
each node by looking at the best solution of its 
10 children. In this way it works in one pass from the 
bottom of the graph to the top. At the end of the 
process the root node contains the best pricing solution 
for the entire pricing graph 38. 

The algorithm proceeds as follows: first, the nodes 
15 in the graph are ordered by depth and placed in a list, 
so that iterating over the list ensures that a child 
node is always encountered before its parent (s). Then, 
iterating across the list, the best value of F is 
computed for each node, using the already- computed 
20 values of F for its children. At this point every node 
in the graph is marked with its inner- value. The inner- 
value of a node is the best possible value of the 
function F on the set of (partial) pricing- solutions 
represented by the node. As inner-values are computed, 
25 for every OR node the child with the lowest inner-value 
is computed and stored. Finally, the best pricing 
solution can be constructed by starting at the root of 
the graph and collecting children. Whenever an OR node 
is encountered, the best child is chosen (the child with 
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the lowest inner- value) . 

If a node is a terminal fare or itinerary, then its 
inner-value is the value of F applied to the node. If 
the node is an AND, representing a combination, then the 
5 minimum value of F over the partial solutions it 

represents is the sum of the minimum values of F over 
the partial solutions represented by each of its 
children. If a node is an OR, representing a choice, 
then the minimum value of F over the partial solutions 
10 it represents is found by making the optimal choice of 
children, that is, the child with the minimum inner- 
value. So the inner-value of an OR is the minimum of 
the inner-values of its children. 

The pseudo-code in TABLE 3 8 summarizes the 
15 computation of inner-values. The function sort -nodes 
takes a root node and returns a list of all nodes under 
it, sorted by depth with the root node at the end. The 
procedure compute- inner- values takes in a sorted list of 
nodes as would be produced by sort -nodes, and a node- 
20 value -function. The procedure find-optimal-solution 
takes in a root-node and a node -value -function, calls 
sort-nodes and compute- inner-values to calculate inner- 
values for all nodes in the pricing-graph, and 
constructs a pricing-solution. 
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TABLE 3 8 

sort-nodes(node) 

Let nodes = 0 

For child in node.children 

nodes = append(nodes. sort-nodes(child)) 
nodes ■•■= node 
retum(nodes) 

compute-inner-values(sorted-nodes. node-value-function) 



For node in sorted-nodes 
If (node.type - term^) 

node.inner-value = apply(node-value-function, node.terminal-object) 
Else If (node.type « OR) 

node.inner-value s infinity 
For child In node.children 

If (childinner-vakie < node.inner-value) 
node.inner-value » child.lnner-value 
node.t>est-child - child 
Else lf(node.type = AND) 
node.inner-value *> 0 
For child in node.children 

node.inner-value child.inner-value 

find-optimat-solution(root-node. node-vatue-function) 

Subroutine get-node-sotution(node) 

If (node.type ~ terminal) 

retum(list(node.terminat-obiect)) 
Else If (node.type = OR) 

retum(get-node-solutlon(node.t}est*child) 
Else If (node.type = AND) 

Let solution = 0 

For child in node.children 

solution = append(solution, get-node-soiution(child)) 

retum(soiution) 

computOHnner-values{sort-nodes(root-node), node-value-function) 
retum(get-node-solution(root-node)) 



FINDING MINIMUM VALUE 

Another procedure 304b finds, for each node, the 
best (i.e., minimum) value of some value- function over 
all the set of pricing solutions involving that node. 
5 Price function 306a finds for each itinerary, the 
cheapest price of any pricing solution that contains 
that itinerary. These values can be computed 
efficiently, if the value -function can be decomposed 
into a node-value- function. 
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The best price value function 306a computes inner- 
values, as above, and computes for every node, an outer- 
value, equal to the minimum value contributed by all 
parts of the graph except that represented by the node. 
5 For each node, the minimum value of the value -function 
over all solutions that involve the node, (i.e., the 
total-value) is computed as the sum of that node's 
inner-value and outer-value. 

The outer-value and total -value of a node are 
10 computed in a manner very similar to the computation of 
the inner-value. In particular, the outer-value for 
each node is calculated starting from the root of the 
graph, that has an outer-value of 0. Each node 
propagates outer-values down to its children. An OR- 
IS node passes its outer- value unchanged. An AND-node adds 
to its outer-value the inner-values of all children 
except that being propagated to. At every node, after 
the outer- value has been computed, the total -value is 
computed as the sum of the inner-value and outer- value. 
20. When outer-values are propagated from a node to its 

children, a minimum computation is performed. This is 
because each child may have more than one parent, and 
its outer-value must be the minimum outer-value 
contributed by any parent. See TABLE 39 below. 
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TABLE 3 9 

compute-outer-and-total-vatue5(root-node. node-vatue-function ) 
// Sort nodes and computer inner-values. 
Let sorted-nodes = sort-nodes(root-node) 
computeHnn8r-vaiues(sorted-nodes, node<value-function ) 

Let reversed-nodes = rever5e(sorted-nodes) 
// InitiaMze all nodes to have outer-values of fnfinjty. 
For node in reversed-nodes 

node.outer-value = infinity 

// The root-node has an outer-vatue of 0. 
first(rever3ed-nodes).outer-vatue = 0 

For node In reversed-rKxles 

// Conrpute the totat-value for the node, 
node.totat-vatue » node.inner-value node.outer-value 

If (node.type = OR) 

// For OR nodes, the outer-value is propagated down to its children unchanged. 
For child tn node.chiUren 

chlld.outer-value » ntinimum(child. outer-value, node.outer-value) 
Bse If (node.type ° AND) 

// For AND nodes, the outer-value is propagated down t>y adding the inner-values of 
// all t>ut the child bemg propagated to. This is equal to the node's inner-value minus 
// the child's inner-value, which is equal to the node's total-value minus the child's 
// inner-value. 
For child in node.childran 

child. outer-value = mintmum(child.outar-value. node.total-vatue - chUd.inner-vatue) 



INVALIDATING NODES 

It may be desirable to "invalidate" 3 04e certain 
nodes from the pricing-graph 38'. For example, 
5 itineraries containing or not containing specified 
airlines could be marked as not participating in the 
above algorithms, enabling the algorithms to find the 
best solutions involving or not involving these 
itineraries. The above algorithms can be easily adapted 

10 to accommodate checking whether the node is valid. In 
particular, the computation of inner-values, the first 
step in all the above algorithms, is modified to mark 
for every node whether the node represents any valid 
partial pricing- solutions given a specific query 

15 parameter. This information can be used in the rest of 
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the algorithnis. Every terminal node contains a field 
"valid?" that is either true or false. The compute- 
inner-values procedure uses these values to set the 
Valid?" field for non- terminals . See TABLE 40 below: 



TABLE 40 



// Inftfallze all nodes to have outer*values of inf^ity. 
For node in reversed-nodes 
node.outer-value « infinity 

// The root-node has an outer-value of 0. 
first(revefsed-nodes).auter-vatue « 0 

For node in reversed-nodes 
tf (node.valid7 ' true) 

// Compute the total-value for the node, 
node.total-value = node.lnner-value node.outer-value 

If (node.type « OR) 

// For OR nodes, the outer-value is propagated down to Its children unchanged. 
For child in node.chtldren 

child-outer-value = mintmum(child.outer-value, node.outer-value) 
Else If (node.type > AND) 

// For AND nodes, the outer-value is propagated down by adding the inner-values of 
// all but the child being propagated to. This is equal to the node's inner-value minus 
// the child's inner-vatue. which is equal to the node's total-value mirtus the child's 
// inner-value. 
For child in node.chitdren 

child.outer-vaiue = minimum(chiId.outer-value. 

node.total-vaUje - child.inner-value) 
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sort^nodes (node) 

If (noUfind<node,nodes))) 

For child in node.children 

sort-nodes-inneitchfld) 

nodes +=node 

sort-nodesHnnertnode); 

return (nodes) 

conipute4nner-vatues(3orted-nodes, node-value-function) 

For node in sorted-nodes 
if (node.type a terminat} 

node.tnner-vatue = apply(node-vatue-function. node.tarTnlnaM}tect) 
Qse if (node.type s OR) 

node.inner-value • ^nfty 

node.valld? » false 

For child in node.children 

If (child.vafid? » tnie and child.lnner-value < node.inner-vatue) 
node.lnner-vatue = chitdJnner-vatue 
node.best-chlld child 
node.valid? s true 
Elself(node.type»AND) 
node.inner-value = 0 
node.valid? = true 
For child in nodacNtdren 
tf(chiid.valid?-true) 

node.tnner-vatue += childJnner-value 

Else 

node.valid? = false 
find-optinnat-sokjtjon(root-node, node-value-function) 
Subroutine get-node-so(utfon(node) 

If (node.type » tenninai) 

retum(Ust(node.tenninal-ot3tject)) 
Elsetf(node.typesOR) 

retum(get-node-sdutk)n(node.best-chjld) 
Elself(node.type = AND) 

Let solution = 0 

For child in node.children 

solution = append(sofution, get-^ode-solutionichlld)) 

retum(80lutlon) 

compute-fainer-valuea(3ort-nodes(root-node). node-value-function) 
If (root-node.valkJ7 - true) 

retURt(get-node-solution(root-node)) 

Ebe 

retunHnil} 

conipute-outer-and-total*values(rooNipde, node-vahie-function) 

// Sort nodes and computer inner-vaiues. 
Let sorted-nodes = sort-nodes(root-node) 
Gompute-inner-value3(sorted-rKxles, node-vatue-function) 



Let reversed4K)des = reverse(scrted-nodes) 
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10 



// Initialize ail nodes to have outer-values of Infinity. 
For node in reversed-nodes 
node.outer-value « infinity 

// The root-node has an outer-value of 0. 
first(reversed-node3^outef-value a 0 

For node in reversed-nodes 
If (node.valid7 = true) 

// Connpute the totat-vatue for the node, 
noda.total-value s node.kiner-value ^ node.outer-value 

If (node.type = OR) 

// For OR nodes, the outer-vaJue is propagated down to its children unchanged. 
For child in node.chitdren 

chiidxuter-vahje = mtrumum(chiid.outer-value, node.outer-value) 
Bse If (node.type = AND) 

// For AND nodes, the outer-value is propagated down by adding the inner-values of 
// all but the child being propagated to. This Is equai to the node's inner-value minus 
// the child's inner-value, which is equal to the node's total-value minus the child's 
// inner-value. 
For child In node.chlldren ^ 

child.outer-value = mintmum<chad.outer-vaiue, 

node.total-value - child.inner-value) 



15 ENUMERATING PRICING SOLUTIONS 

It is often desirable to arbitrarily enumerate many 
pricing solutions: the best, the second-best, the third- 
best, etc. 

The enumeration algorithm 304c maintains a queue of 
20 partial -solutions, ordered by the lowest possible total 
value of the value- function over all complete solutions 
that contain the partial -solution. At the start of the 
search, a single partial solution is constructed from 
the root node of the pricing-graph 38'. At each step 
25 the best partial -solution is dequeued, and expanded. 
Each partial-solution has a set of non-terminal nodes 
and a set of terminal objects. A partial-solution is 
expanded by selecting a non- terminal node and 
substituting the node's children (all of its children in 
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the case of an AND, one of its children in the case of 
an OR) . If a dequeued partial-solution contains only 
terminal objects, it is complete, and is returned. This 
process continues until the desired number of pricing- 
5 solutions that can be specified by a user has been ' 
produced. 

The algorithm can accommodate value -functions that 
cannot be decomposed into the sum of a node-value- 
function. It does this by applying a second penalty- 

10 value- function to partial pricing-solutions as it 

constructs them. This function returns a non- negative 
number when given a new terminal object and existing set 
of terminal objects. The number is added to the values 
produced by the normal node-value- function . If the 

15 number is positive, it acts as a penalty. An example of 
how this could be used is for the case where a penalty 
is applied if travel in two slices is on different 
airlines. The penalty-value- function would return a 
(positive) penalty if the terminal was ah itinerary, and 

20 the set of existing terminals contained an itinerary 
with travel on different airlines. Otherwise it would 
return 0. See TABLE 41 below. 
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TABLE 41 



computaHnnef-va(ue3(sorted-nodes, node-value-function ) 
For node in sortad-nodes 

If (node, type = tenninal) 

node.inner-valiie « appty(node-vaiue-ftjnction. node.tefminal-obiect) 
Else If (node.type = OR) 

node.inner-value = infinity 
nods.vatid? » false 
For child In node.children 

If {diild.valid? = true and ctiild.lnner-value < node.inner-value) 
noda.lnner*value » child.inner-vatue 
node.best-chlld » ctiild 
node, valid? s true 



Sae If (node.type « AND) 
node.nner-vatue » 0 
node.valid? = true 
For child in node.cttitdren 

lf(chlld.vaUd7»true) 

node.irmer-value child.inner-value 

Qse 

node.valid? = false 
find-optimal-sotution(root-node. node-value-function) 
Sut)routine get-node*solution(node) 

If (node.type = termrnal) 

retum(list(node.tefminal-ot^ect)) 
Else If (node.typi9 « OR) 

retum(get-node-solutlon(node.best-<laughter) 
Else If (node.type a AND) 

Let solution « 0 

For child m node.children 

solution a append<sotution. get-node-soiution(child)) 

retum(so(ution) 

camputeHnner-^bie5(5ort-nodes(root-node), noda-value-function) 
If (rooc-node.vafid? » true) 

retum(get-node-solutlon(root-node)) 

Else 

retufn(nil) 

compute-outer-and-total-values(root-node, node-value-function} 

// Sort nodes and computer inner-values. 
Let sorted-nodes = 8ort-nodes(root-node) 
compute-inner-vakjesCsorted-nodes. node-value-function) 

Let raversed-nodes « rever5e(sorted-nodes) 

// Initialize aU nodes to have outer-values of infinity. 
For node in rsversed-nodes 

node.outer-value ^ infNty 

// The rootwiode has an outer-value of 0. 
ftrst(reversed-nodes).outer-va^e = 0 



For node in reversed-nodes 

If (node.valid? = true) 



wo 00/02153 



PCTaiS99/l4964 



96 



// CnmniJtn thm tntaUvaliw fnr thn nortfl. 
node.total-valU6 = node.inner-value ♦ node-outer-vaiue 

^ If (oodft jypq ■ of^^ 

// For OR nodes, the outer-value is propagated down to Its children unchanged. 
For child in ncde.children 

cNid-outer-value » niinimum(chiklouter-value. node.outer-vahje) 

^ Vf^M^^M^r^ outer-value is propagated down by adding the hner-vaiues of 
// aDbut the child being propagated to. This is equal to the node's »nnerwalue mmus 
// the chikf s inner-value, which Is equai to the node's totaM^ahie minus the chBd s 
// inner-value. 
For chHd in node.children 

child.outer-vatue ■ minimum(child,outer-value, 
IQ node.totai-value - chitdonner-value) 



15 Referring now to FIG. 20, a window 3 50 that is part of a 
graphical user interface of the client process 36 (FIG. 
3) is shown. The graphical user interface permits the 
user to access inter alia the enumeration processes 304, 
value functions 306 and invalidate routine 307. The 

20 graphical user interface has user selectable controls 
352 such as "origin" and "destination". There are also 
controls for selecting time and date. In addition, 
there are controls 352 that specify "slices" of a 
journey. The user enters values corresponding to 

25 origin, destination, dates and time by selecting an 
appropriate one of the controls. The origin and 
destination controls 352 invoke a query window (FIG. 21) 
where the user can enter a value . After the origin 
destination and preferably date and time information are 
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entered, a user control "GO" becomes activated. Pressing 
the "GO** button will, for an initial query, send the 
query to the server process 18. The server process 
handles the query and initiates the server process 18. 
5 The server process 18 returns to the client process 36 
a set of pricing solutions in a compact representation 
such as the pricing graph 38' . 

Referring now to FIG. 21, a query entry window 3 60 
is shown. The query entry window 3 60 is produced by 

10 activating either the ORIGIN or DESTINATION controls 352 
in the window 350. The query window 360 includes a user 
entry area 361 for entering a destination code or origin 
code (as appropriate) such as a three letter airport 
code or a location such as a city, region or country 

15 (e.g., Turkey). Region 364 depicts a listing of 

airports in a region about the location entered in area 
361, whereas area 364 lists origins and destinations of 
a flight slice (none shown) that has been selected for 
the query. In addition, in the entry area 361 the user 

20 can enter more than one airport or region. The query 
can be constructed, therefore, with two or more origins 
and destinations appearing in each slice of a journey 
and the pricing solution would be determined for the 
various combinations. 

25 Referring now to FIG. 22, a window 370 is 

illustrated. Window 370 appears after a user query 
input to the server process 18 producing the pricing 
graph 38' that is sent to the client process 36 (FIG. 
3) . Window 370 is an example of a single slice journey. 
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Since window 370 depicts a one-way (i.e., single slice 
journey) , only controls 352 corresponding co the firsc 
slice are shown as activated with information about the 
slice. Window 370 includes the same controls or buttons 
5 352, as described above with respect to window 350. The 
window 370 also includes a series of user preference 
controls 354, here ''Nonstop", "Direct", "Online (on the 
same airline)" and "Select" shown as not activated and 
"1st class", "2nd class" and "Refundable" shown activated. 
10 The Nonstop, Direct and Online controls when selected 
by a user will eliminate all components from the pricing 
solution that do not correspond to nonstop, direct or 
online flights. A select control operates in 
conjunction with the user marking one or more potential 
15 pricing solutions such that the numbers which appear 
shaded out are activated. When one or more of the 
pricing solutions are activated and the select button is 
pressed, the client process extracts pricing solutions 
from the pricing graph. The "Ist class", "2nd class" and 
20 "Refundable" controls when activated eliminate fares that 
do not correspond to these classes of travel . 

The window 370 also includes a listing 372 of 
airports involved in the results provided from the 
pricing graph 38', as well as, a listing 374 of 
25 airlines. 

The window 370 has a graphical region that provides 
a visual representation of pricing solutions extracted 
from the pricing graph 38'. One preferred 
representation of the pricing solution is a horizontal 
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bar graph 376. The itineraries are ordered by 
increasing total fare with each entry 376a of the bar 
graph corresponding to a set of flight segments on 
airlines that provide travel from the origin (e.g., 
5 *ESB') to the destination (e.g., SAN, San Diego 

International Airport) on airlines coded in accordance 
with the legends for the airline in listing 374 with 
stopovers denoted by airports. The bar graph 
representation displays a metric of the pricing solution 

10 in a graph format. Thus, as shown for the first entry 
376a, there are two legs 377a, 377b on airline "TK" with 
a stopover 377c at airport "JFK" and two legs 3 77d and 
377e on airline "HP" arriving in San Diego (SAN) . As 
shown in FIG. 22, twenty-one possible solutions are 

15 represented in the horizontal bar graph ordered by 
increasing total fare. This typically represents a 
small fraction of the total number of pricing solutions 
that may be represented by the pricing graph 38'. Other 
ones, if they exist, can be revealed by manipulation of 

20 a scroll bar 402. 

Referring now to FIG. 23, a window 380 illustrates 
a sample pricing solution including an itinerary 382 and 
fares 384, In this embodiment, such a window is produced 
by double-clicking 

25 on an itinerary such as 376a. Such a pricing solution is 
extracted from the pricing-graph 38' by invalidating 
304e all other itineraries in the same slice and then 
using procedure 3 04a to find the single cheapest 
remaining pricing-solution. The window 380 illustrates 
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the sample outbound itinerary 382 with fares 384. The 
itinerary 382 can be selected, for example, by double 
clicking on the itinerary or by using the right button 
of a computer mouse and so forth. For example, what is 
5 displayed in this interface are the itineraries (which 
are TERMINAL 

NODES in the pricing graph 38') along with their 
associated "lowest prices" that are computed by running 
algorithm 3 04b (with value function such that it 

10 computes for every node in the graph the lowest total 
price for any pricing solution involving the node. 

Referring now to FIG. 24, a second example of a 
window 3 90 containing pricing solutions is shown. 
Window 3 90 illustrates a round trip journey between 

15 Boston (BOS) and San Diego (SAN) . The window 390 

includes a section 3 80 including user controls 352 that 
permit user entry and modification of the results in the 
window as described above in conjunction with FIG. 22. 
Here, however, controls are shown activated for both 

20 slice 1 and slice 2 of the journey. 

The window also includes the airport 372 and 
airline lists 374 and a graphical representation 400 of 
information (e.g., itineraries) with a subsection 402 
corresponding to outbound or first slice information 

25 (e.g., itineraries) and section 404 corresponding to 
inbound or second slice information. Each graphical 
section 402, 404 is a horizontal bar graph and includes 
scroll bar controls 403 and 405, respectively. In 
addition, the window also includes user preference 
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controls 354 shown activated for the first and the 
second slices of the journey. 

In a similar manner as discussed in conjunction 
with FIG. 23, double clicking or otherwise selecting an 
5 illustrative 

ITINERARY, for example, the first ITINERARY 3 92a will 
produce an itinerary window 410 (FIG. 25) that depicts 
information corresponding to the selected outbound 
itinerary 412 as well as information for possible return 

10 itineraries 414 selected in accordance with the current 
outbound itinerary. The window 4 05 also includes fare 
information 416. 

Referring now to Fig. 26, a window 390* is shown. 
This window depicts a subset of the set of pricing 

15 solutions represented by the pricing graph as displayed 
in window 3 90 (FIG. 24) . The subset is selected by- 
activating the "Select" button and highlighting a pricing 
solution (e.g., 392g, FIG. 24). The window 390' depicts 
possible return itineraries that can be matched with the 

20 selected outbound itinerary 3 92g and the corresponding 
total fares for the itinerary. This operation modifies 
the pricing solutions and is performed within the client 
process 36. The client process uses the node 
invalidating function described in conjunction with FIG. 

25 19. 

Another process that can use the node invalidated 
function 307 described in conjunction with FIG. 19 would 
permit the user to point and click at certain airports 
and/or airlines represented as icons in fields 3 90 and 
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392. In one mode, by selecting airline and/or airport 
pricing solutions that do not include the selected 
airline or airports are not extracted from the pricing 
graph 38'. In an alternate mode, selecting an airline 
5 or airport does not extract solutions containing the 
selected airline and/or airport from the pricing graph. 

The pricing graph can be viewed in other ways 
through the activation of the pull down menus shown in 
any of FIGS. 22, 24 and 26. For example, as shown in 

10 FIG, 22, there are four pull down menus "refresh", 
"outbound display", "return display" and "search 
properties." The refresh display will permit storing 
queries and permit a user to refresh the display. The 
outbound display menu will permit the user to resort the 

15 data according to any one of a number of 

characteristics. Example characteristics include, but 
are not necessarily limited to, cost, duration, 
departure time, arrival time, number of legs, number of 
segments and so forth. The outbound display can also be 

20 adjusted to allow a user to change the horizontal axis 
to a time or duration axis as well as change the 
itinerary size to have it displayed small or large. A 
similar arrangement is provided for the return display. 
The search properties allow a user to conduct a faring 

25 search by computing fares or not computing fares, that 
is, by providing complete pricing solutions or merely 
just activating the schedule portion of the server 
process 18. The search properties also permit the user 
to search by legs or segments, specify a search time, a 
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number of itineraries and nur±)er of extra itineraries to 
discard. 

Each of the display options referred to above make 
use of one or more of the value functions and processes 
5 described in conjunction with FIG. 19 and permitting the 
client process to extract or manipulate the pricing 
graph 38'. Accordingly, the pull down menus as well as 
the other controls on the graphical user interface are 
the user interface to the "value" functions and 

10 enumeration processes described above. 

Referring now to FIG. 27, a window 500 is shown. 
The window 500 includes an ensemble of travel options 
depicted as a histogram 502. The histogram 502 is a 
plot of an metric or option such as time as the x axis 

15 versus the number of itineraries on the y axis. 

Portions of the histogram representation can be selected 
and the processes above will invalidate all travel node 
that are not selected. These will provide corresponding 
changes in a bar graph representation 504 disposed below 

20 the histogram 502. This will also affect a list 

airports 506 by possible changing a visual appearance of 
icons in the list 506. 

25 It is to be understood that while the invention has 

been described in conjunction with the detailed 
description thereof, the foregoing description is 
intended to illustrate and not limit the scope of the 
invention, which is defined by the scope of the appended 
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claims. Other aspects, advantages, and modifications 
are within the scope of the following claims. 



What is claimed is: 



wo 00/02153 PCT/US99/14964 



105 



CLAIMS 

1. A travel planning system comprising: 

a process that receives travel planning 
5 information, said process comprising: 

a manipulation process that operates on the 
travel planning information and produces a 
graphical user interface representative of 
information in the travel planning system, said 
10 graphical user interface comprising: 

a region that displays a metric of the 
itinerary information in a graph representation 
with the metric being associated with an executed 
user query. 

15 

2. The system of claim 1 wherein said process is a 
client process and said method further comprises: 

a server process that determines travel 
planning information in response to travel request 
20 information. 

3. The system of claim 1 wherein said man^.pulation 
process operates on the travel planning information in 
accordance with at least one user preference input, and 

25 further comprises : 

a process that produces a set of travel 
planning information by fare in accordance with the 
at least one user preference input. 



30 4. The system of claim 3 wherein said process further 
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comprises a process that enumerates said travel planning 
information by lowest price, 

5. The system of claim 1 wherein the travel planning 
5 information is a set of pricing solutions and said 

manipulation process of the client process further 
comprises: 

a process that finds for the set of pricing 
solutions a pricing solution that optimizes a value 
10 function. 

6. The system of claim 5 wherein said process finds 
for a travel option a best travel option involving an 
itinerary. 

15 

7. The system of claim 1 wherein the manipulation 
process further comprises: 

an enumerating process that uses the set of pricing 
solutions to produce a subset of the set of pricing 
20 solutions in accordance with a user specified 
preference. 

8. The system of claim 7 wherein said enumeration 
process further comprises: 

25 a process that prunes from the set of pricing 

solutions, a set of pricing solutions that do not 
correspond to a user preference. 

9. The system of claim 1 wherein graphical user 
30 interface further comprises: 



wo 00/02 1 53 PCT/US99/1 4964 

107 

a user query section comprised of a plurality of 
controls that can be used to specify information in a 
user query. 



5 10, The system of claim 9 wherein the graphical user 
interface further comprises: 

a field comprised of a plurality of icons 
representing airlines that are associated with 
itineraries in the graph representation. 

10 

11. The system of claim 1 wherein the graphical user 
interface further comprises: 

a user query section comprised of a plurality of 
controls that can be used to specify information in a 
15 user query; 

a field comprised of a plurality of icons 
representing airlines that are associated with 
itineraries in the graph representation. 

20 12. The system of claim 12 wherein the graphical user 
interface further comprises a plurality of icons 
associated with locations that are represent^ed in the 
graph representation. 

25 13. The system of claim 12 wherein the graphical user 
interface further comprises a field that displays a 
total fare associated with a corresponding itinerary in 
the graph representation. 



30 



14. The system of claim 12 wherein the graphical user 
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interface further comprises at least one concrol that 
. selectively prunes from the graph representation 
itineraries that do not correspond to a value associated 
with the at least one control . 

5 

15. The system of claim 15 wherein the at least one 
control comprises at least one of a nonstop control, 
direct control, same airline control, the airline icons, 
airport icons, a first class arrangement control, second 

10 class arrangement control or refundable ticket control. 

16 . The system of claim 12 wherein the graph 
representation in the graphical user interface is a 
histogram. 

15 

17. The system of claim 12 wherein the graph 
representation in the graphical user interface is a bar 
graph . 

20 18. The system of claim 12 wherein the graphical user 
interface further comprises: 

a itinerary region that displays a selected 
itinerary including information pertaining to segments 
of the itinerary. 

25 

19. The system of claim 19 wherein the graphical user 
interface that displays a selected itinerary is 
presented by selecting one of the itineraries in the 
graphical region that displays itineraries. 

30 
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20. The system cf claim 19 wherein the graphical user 
interface is displayed in a separate window. 

21. The system of claim 12 wherein the graphical user 
5 interface that displays metrics of itineraries shows 

results of activating at least one control that 
selectively prunes itineraries. 

22. The system of claim 12 wherein the graphical user 
10 interface fxxrther comprises a plurality of icons having 

a visual appearance and that represent travel 
information, and wherein the graphical region that 
displays metrics of itineraries shows results of 
activating the at least one control that selectively 
15 prunes itineraries by changing a visual presentation of 
those icons in the graphical user interface that do not 
correspond to itineraries that remain in the graphical 
region after pruning. 

20 23 . The system of claim 22 wherein the graphical user 
interface that displays metrics of itineraries shows 
itineraries for different slices of a journey in 
Jifferent subregions of the graphical region. 

25 24. The system of claim 4 wherein the set of pricing 

solutions is represented by a data structure comprising: 

a first plurality of choice nodes that represent 
exclusive pricing solutions; 

a second plurality of combining nodes that 
30 represent collective pricing solutions; and 
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a third plurality of terminal nodes that represent 
pricing objects. 

25. The system of claim 25 wherein the pricing objects 
5 of the third plurality of terminal nodes comprise 

pricing objects that include fares, 

26. The system of claim 25 wherein the third plurality 
of terminal nodes comprise pricing objects that include 

10 one or more of itineraries, routes, fares, prices, 

booking codes, surcharges, taxes or rules/regulations. 

27. The system of claim 25 wherein the third plurality 
of terminal nodes comprise a field having a value to 

15 indicate whether the node is valid or invalid. 

28. The system of claim 25 wherein the combining nodes 
contain values of subsequent nodes that are combined to 

20 produce a pricing solution. 

29. The system of claim 25 wherein a firsts portion of 
the first plurality of exclusive nodes refer to 
subsequent combining nodes. 

25 

30. The system of claim 30 wherein a second portion of 
said first plurality of exclusive nodes refer to 
terminal nodes. 



30 



31. The system of claim 25 wherein the data structure 



wo 00/02153 



PCT/US99/14964 



111 

is a directed acyclic graph. 
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